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WKHWULSW\SHRIYHKLFOH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GLIIHUHQWORFDWLRQWKHZRUNSODFHWKDQWKHLUUHVLGHQFHV/LNHZLVHIUHLJKWWUDIILF
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ILUPVGHPDQGLQJLQWHUPHGLDWHVZKRDUHVHSDUDWHGLQVSDFH:KHQHYHUWKHVHUHODWHG
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SURYLGHDUHFHQWUHYLHZRIWKLVOLWHUDWXUHDQGGLVFXVV
VHFRQGEHVWSULFLQJUHVXOWLQJIURPQHWZRUNLVVXHVKHWHURJHQHLW\RIXVHUVG\QDPLF
FRQVWUDLQWVRQWROOIOH[LELOLW\µVWHSWROOV¶XQFHUWDLQW\LQWUDYHOWLPHVLQUHODWLRQZLWK
UHDOWLPHLQIRUPDWLRQSURYLVLRQUHODWLRQVZLWKRWKHUVHFWRUVQRWDEO\ODERXUPDUNHWV
WKHVLPXOWDQHRXVH[LVWHQFHRIPXOWLSOHH[WHUQDOLWLHVHJ FRQJHVWLRQDQGSROOXWLRQ
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RIRSWLPDOO\GLIIHUHQWLDWHGWROOVRQHDFKDQGHYHU\OLQNRIWKHQHWZRUN7KLVFKDSWHU
FRQVLGHUVWKHVHLVVXHV$ILUVWDLPLVWRSURYLGHDQRYHUYLHZRIWKHEDVLFHFRQRPLFLQV
DQGRXWVRIVHFRQGEHVWFRQJHVWLRQSULFLQJLQQHWZRUNVE\UHYLHZLQJWKHFODVVLFWZR
URXWHSUREOHPLQ6HFWLRQEHORZ0RVWRIWKHXQGHUO\LQJOLWHUDWXUHFRQYHQLHQWO\EXW
VRPHZKDWXQUHDOLVWLFDOO\WUHDWVGLIIHUHQWURXWHVEHWZHHQWZRSRLQWVµQRGHV¶LQD
QHWZRUNDVSXUHVXEVWLWXWHVDQGWKHUHIRUHDSSOLHVVRFDOOHG:DUGURSLDQHTXLOLEULXP
SULQFLSOHV:DUGURSLQWKHGHWHUPLQDWLRQRIQHWZRUNHTXLOLEULDZLWKDQG
ZLWKRXWSULFHV7KLVPHDQVWKDWHYHQWKHVPDOOHVWHTXLOLEULXPSULFHGLIIHUHQFHZRXOG
PDNHD XVHU FKRRVHWKHFKHDSHVWURXWH,QUHDOLW\SHRSOHPD\KDYHVRFDOOHG
LGLRV\QFUDWLFSUHIHUHQFHVRYHUGLIIHUHQWURXWHVPHDQLQJWKDWWKH\ZRXOGKDYH
GLIIHUHQWSUHIHUHQFHVIRUFRPSHWLQJURXWHVZKHQWKHVHZRXOGKDYHHTXDOWULSSULFHV,W
LVWKHUHIRUHRILQWHUHVWWRVWXG\KRZWKLVZRXOGDIIHFWWKHRSWLPDOGHVLJQDQGZHOIDUH
SURSHUWLHVRIVHFRQGEHVWFRQJHVWLRQSULFLQJ0RUHRYHUE\DOORZLQJGLIIHUHQWURXWHV
WREHLPSHUIHFWVXEVWLWXWHVDIUDPHZRUNLVGHYHORSHGWKDWFDQDOVREHXVHGWRVWXG\
VHFRQGEHVWFRQJHVWLRQSULFLQJIURPDPXOWLPRGDOSHUVSHFWLYH$GGUHVVLQJWKHVH
LVVXHVLVWKHVHFRQGDLPRIWKHSDSHU$WKHRUHWLFDOPRGHOLVGHYHORSHGIRUWKHVWXG\
RIVHFRQGEHVWFRQJHVWLRQSULFLQJLQQHWZRUNVZKHUHSDUDOOHOURDGVDUHLPSHUIHFW
VXEVWLWXWHURXWHVDQGLWVSURSHUWLHVDUHLOOXVWUDWHGZLWKWKHKHOSRIDVLPXODWLRQPRGHO
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2QHRIWKHPRVWZLGHO\VWXGLHGLQVWDQFHVRIVHFRQGEHVWFRQJHVWLRQSULFLQJFRQFHUQV
WKHFDVHZKHUHQRWDOOOLQNVLQDXQLPRGDOWUDQVSRUWQHWZRUNFDQEHSULFHG7KLVFDVH
KDVJUHDWSUDFWLFDOUHOHYDQFHIRUDFWXDOSROLF\PDNLQJ)RULQVWDQFHSD\ODQHVDV
FXUUHQWO\LQRSHUDWLRQDWYDULRXVSODFHVLQWKH86$EHORQJWRWKLVFDWHJRU\RIVHFRQG
EHVWSULFLQJSROLFLHVVLQFHXQSULFHGODQHVDUHDYDLODEOHDVDGLUHFWVXEVWLWXWHIRUWKH
SD\ODQHV,QRWKHUSODQQHGURDGSULFLQJVFKHPHVEHLWEDVHGRQPDUJLQDOFRVW
SULFLQJSULQFLSOHVRUPRWLYDWHGE\WKHGHVLUHWRJHQHUDWHUHYHQXHVSULFHVZLOORIWHQEH
FKDUJHGRQDOLPLWHGQXPEHURIOLQNVLQDQHWZRUNRQO\HJ WROOURDGVRUWROO
FRUGRQV)XUWKHUPRUHWKHFDVHLVRILQWHUHVWDVLWFDQEHXVHGWRLOOXVWUDWHVRPHPRUH
JHQHUDOSULQFLSOHVRIVHFRQGEHVWSULFLQJWKDWZLOOEHUHOHYDQWIRURWKHUW\SHVRI
VHFRQGEHVWSULFLQJWRR7KHVHSULQFLSOHVLQFOXGHWKHIDFWWKDWLQVHFRQGEHVWSULFLQJ
WKHQDwYHXVHRI3LJRXYLDQWD[HVVHW HTXDOWRWKHGLUHFWPDUJLQDOH[WHUQDOFRVWV ZLOO
JHQHUDOO\QRWEHRSWLPDODQGWKHIDFWWKDWVHFRQGEHVWSULFLQJLWVHOIFUHDWHV
GLVWRUWLRQVZKLFKDIIHFWWKHRSWLPDOVHFRQGEHVWSULFHLWVHOI
 7KH FODVVLFWZRURXWHSUREOHP
7KHVLPSOHVWYHUVLRQRIWKHSUREOHPDWKDQGFRQFHUQVWKHWZRURXWHSUREOHPZKHUH
DQXQWROOHGDOWHUQDWLYHURDGLVDYDLODEOHSDUDOOHOWRDWROOURDG7KLVSUREOHPKDVIRU
LQVWDQFHEHHQVWXGLHGE\/pY\/DPEHUW0DUFKDQGDQGPRUHUHFHQWO\
DOVRE\%UDLG9HUKRHIHWDO DQG/LXDQG0F'RQDOG)LJXUH
LOOXVWUDWHVWKHEDVLFVHWXSRIWKHSUREOHP7ZRSDUDOOHOFRQJHVWHGURDGVRIJLYHQ
FDSDFLWLHVFRQQHFWDQRULJLQ$DQGDGHVWLQDWLRQ%2QRQHRIWKHVHURDG7D
FRQJHVWLRQWROOFDQEHVHWZKHUHDVWKHRWKHUURDG8UHPDLQVXQWROOHG7KHURDGVDUH
SXUHVXEVWLWXWHVPHDQLQJWKDWHTXLOLEULXPµJHQHUDOLVHGSULFHV¶S WKHVXPRI
PRQHWLVHGWUDYHOFRVWVFSOXVDWROOWLIOHYLHGVKRXOGEHHTXDOIRUERWKURDGVZKHQ
ERWKDUHXVHGWKLVLVWKHµ:DUGURSLDQ¶HTXLOLEULXPSULQFLSOHPHQWLRQHGHDUOLHU
'ULYHUVDUHQHDUO\LGHQWLFDOWKH\KDYHWKHVDPHYDOXHRIWLPHGULYHWKHVDPHW\SHRI
FDUVHWFZLWKWKHH[FHSWLRQRIWKHLUZLOOLQJQHVVWRSD\IRUDWULSZKLFKYDULHVRYHU
GULYHUVZKHQHYHUGHPDQGLVQRWSHUIHFWO\HODVWLF7KHWZRFHQWUDOTXHVWLRQVDUHWKHQ
DWZKDWOHYHOVKRXOGWKHVHFRQGEHVWWROOEHVHWDQGZKDWDUHWKHZHOIDUHHIIHFWV
FRPSDUHGWRWKHILUVWEHVWRSWLRQRIWROOLQJERWKURDGV"
)LJXUH 7KHFODVVLFWZRURXWHSUREOHP
$QLPSRUWDQWUHVXOWIURPWKHVWXGLHVORRNLQJDWWKHVHSUREOHPVLVWKDWWKHVHFRQG
EHVWWD[VHWVRDVWRPD[LPLVHVRFLDOZHOIDUHJLYHQWKHSHUVLVWHQFHRIWKHVHFRQGEHVW
GLVWRUWLRQRIOHDYLQJWKHRWKHUURDGXQWROOHGLVW\SLFDOO\EHORZWKHRSWLPDO3LJRXYLDQ
WD[WKDWZRXOGEHVHWRQWKHVDPHURDGXQGHUILUVWEHVWSULFLQJEXWDOVREHORZWKH
PDUJLQDOH[WHUQDOFRVWVRQWKHWROOURDGLQWKHVHFRQGEHVWRSWLPXP,QDGGLWLRQWKH
VHFRQGEHVWWROO\LHOGVFRQVLGHUDEO\VPDOOHUZHOIDUHJDLQVWKDQILUVWEHVWSULFLQJ
,WLVLPSRUWDQWWRXQGHUVWDQGZK\WKHVHFRQGEHVWWROOVKRXOGLGHDOO\EHEHORZWKH
PDUJLQDOH[WHUQDOFRQJHVWLRQFRVWVRQWKHWROOHGURDG7KHUHDVRQLVWKDWWKH
FRQJHVWLRQFKDUJHRQWKHWROOURDGEULQJVERWKJRRGDQGEDGQHZVIURPWKH
$ %7ROOURDGµ)UHH¶URDG
SHUVSHFWLYHRIHIILFLHQF\7KHJRRGQHZVLVWKDWLQLWLDOO\H[FHVVLYHIUHHPDUNHW
FRQJHVWLRQRQWKHWROOURDGLVUHGXFHGWKURXJKWKHWROO7KHEDGQHZVLVWKDWVRPH
SHRSOHZKRDUHSULFHGRIIWKLVURDGZLOOEHGLYHUWHGWRWKHDOUHDG\FRQJHVWHGXQWROOHG
URDGWKXVDJJUDYDWLQJWKHFRQJHVWLRQWKHUH7KHVHFRQGEHVWWROOWUDGHVRIIWKHJRRG
QHZVDJDLQVWWKHEDGQHZV7KHJRRGQHZVDORQHZRXOGDVNIRUDWD[HTXDOWR
PDUJLQDOH[WHUQDOFRVWVIRUWKHUHDVRQVJLYHQLQWKHLQWURGXFWLRQEXWDVVRRQDVWKH
EDGQHZVLVUHOHYDQWLHZKHQWKHUHLVFRQJHVWLRQRQWKHXQWROOHGURDGDQGZKHQD
E\SURGXFWRIWKHWROOLVLQGHHGWRGLYHUWWUDIILFWRWKLVXQWROOHGURDGDGRZQZDUG
DGMXVWPHQWRIWKHWROOLVRSWLPDO$VDFRUROODU\DSROLF\RIVLPSO\LJQRULQJWKH
VHFRQGEHVWGLVWRUWLRQDQGVHWWLQJWKHWROOHTXDOWRWKHPDUJLQDOH[WHUQDOFRQJHVWLRQ
FRVWVRQWKHWROOHGURDGZRXOGOHDGWRDVRFLDOVXUSOXVEHORZWKDWLQWKHVHFRQGEHVW
RSWLPXPH[DFWO\EHFDXVHWKHSROLF\LVµQDwYH¶ DQGLJQRUHVWKHVSLOORYHUVRQWKHIUHH
ODQH,QGHHGVXFKµTXDVLILUVWEHVWSULFLQJ¶PD\HYHQOHDGWRDZHOIDUHORVVFRPSDUHG
WRWKHQRWROORXWFRPHZKLFKZRXOGFHUWDLQO\RFFXUZKHQWKHVHFRQGEHVWRSWLPDOWD[
LVQHJDWLYHDVLQVRPHH[DPSOHVLQ9HUKRHIHWDO 
7KHVHFRQGEHVWRSWLPDOWD[UXOHIRUWKLVFODVVLFWZRURXWHSUREOHPUHIOHFWVWKH
DERYHPHQWLRQHGWUDGHRIIEHWZHHQWKHJRRGDQGWKHEDGQHZVIURPWKHWROO9HUKRHI
HWDOH[SUHVVLWDV
'F 'PHFPHF 887 cc c W
ZKHUHPHF7 PHF8GHQRWHVWKHPDUJLQDOH[WHUQDOFRVWVRQWKHWROOHGXQWROOHGURDG
'c WKHVORSHRIWKHLQYHUVHGHPDQGIXQFWLRQDQGF8c WKDWRIWKHFRVWIXQFWLRQRQWKH
XQWROOHGURDGDOOHYDOXDWHGDWWKHVHFRQGEHVWHTXLOLEULXP7KHWD[UXOHFOHDUO\VKRZV
KRZWKHVHFRQGEHVWWROOLVHTXDOWRWKHZKDWZLOOEHFDOOHGWKHµGLUHFWPDUJLQDO
H[WHUQDOFRVWV¶RIGULYHUVURDG7 PHF7 PLQXVDIUDFWLRQRIWKRVHRQWKHXQWROOHG
URDG8 PHF8EHFDXVH'c d DQG F8c tWKHZHLJKWIRUPHF8 LVDOZD\VEHWZHHQ
DQG
)XUWKHULQWXLWLRQFDQEHREWDLQHGE\FRQVLGHULQJDIHZLQVWDQFHVZKHUHWKH
IUDFWLRQPHQWLRQHGZRXOGDSSURDFKLWVSRVVLEOHH[WUHPHYDOXHVRIPHDQLQJWKDWW  
PHF7RUPHDQLQJWKDWW  PHF7 ±PHF8,QWXLWLYHO\WKHIUDFWLRQVKRXOGDSSURDFK
]HURZKHQWKHUHLVQRGLYHUWLQJRIWUDIILFWRWKHXQWROOHGURDGLQWKHVHFRQGEHVW
RSWLPXPGXHWRPDUJLQDOFKDQJHVLQW7KLVLVWKHFDVHZKHQHLWKHU oc'
UHJDUGOHVVRIWWKHXQWROOHGURDGZLOOLQHTXLOLEULXPEHILOOHGZLWKGULYHUVXSWRWKDW
OHYHO18 WKDWHTXDWHVF818WRWKHJLYHQYDOXHRI'RUZKHQ foc8F WKHFRVW
IXQFWLRQIRUURDG8 LVSHUIHFWO\LQHODVWLFDQG18 LVJLYHQ,QWKHVHFDVHVWKHUHJXODWRUFDQLJQRUHVSLOORYHUVRIWROOLQJRQURDG7 XSRQURDG8VLPSO\EHFDXVH
WKHVHZLOOQRWRFFXU7KHIUDFWLRQLQFRQWUDVWDSSURDFKHVXQLW\ZKHQHLWKHU foc'
RUZKHQ oc8F ,QWKHVHFDVHVWKHVHFRQGEHVWWROORQO\WULHVWRRSWLPLVHURXWHVSOLW
E\LQWHUQDOL]LQJWKHGLIIHUHQFHEHWZHHQPDUJLQDOH[WHUQDOFRVWVIRUWKHWZRURXWHVDQG
IXOO\LJQRUHVWKHHIIHFWVRQRYHUDOOGHPDQG7KLVPDNHVVHQVHZKHQGHPDQGLV
SHUIHFWO\LQHODVWLF foc' LQZKLFKFDVHRYHUDOOGHPDQGZRXOGQRWUHVSRQGWR
PDUJLQDOFKDQJHVLQW,WDOVRPDNHVVHQVHLIHYHU\XVHUSULFHGRIIURDG7 LPPHGLDWHO\
VZLWFKHVWRURDG8LQWKHVLWXDWLRQZKHUH oc8F LPSOLHVWKDWSULYDWHFRVWVRIXVLQJ
URDG8 DUHLQGHSHQGHQWRIWKHURXWHVSOLWVRWKDWWKHRYHUDOOGHPDQGLVJLYHQDQG
GHILQHGE\WKHHTXDOLW\RI' DQGF8,WVKRXOGEHQRWHGKRZHYHUWKDW oc8F DWWKH
 7KHLPSHUIHFWLRQRIWKHWD[LQVWUXPHQWFDXVHVWKHWHUPµPDUJLQDOH[WHUQDOFRVWV¶WREHFRPHDPELJXRXVDVDGLVWLQFWLRQEHWZHHQµIXOO¶DQGµGLUHFW¶PDUJLQDOH[WHUQDOFRVWVFDQEHPDGH7KHIXOOPDUJLQDOH[WHUQDOFRVWVIRUGULYHUVRQWKHWROOHGURDGLQWKLVH[DPSOHDUHJLYHQE\WKHWD[UXOH7KHVHLQFOXGHWKHVHFRQGWHUPZKLFKLVQRQ]HUREHFDXVHRIWKHLPSHUIHFWLRQRIWKHWD[LQVWUXPHQW'LUHFWPDUJLQDOH[WHUQDOFRVWVDUHWKXVGHILQHGKHUHDVDOOPDUJLQDOH[WHUQDOFRVWVWKDWDUHQRWFDXVHGE\LQHIILFLHQW EHKDYLRXULQGXFHGE\WKHWD[LQVWUXPHQWLWVHOI

VDPHWLPHLPSOLHVWKDWPHF8  VRWKDWWKHWD[UXOHLQWKLVFDVHHIIHFWLYHO\EHFRPHVW
 PHF76HFRQGEHVWSULFLQJWKHQEHFRPHVLGHQWLFDOWRILUVWEHVWSULFLQJEHFDXVHVSLOORYHUVGRQRWUHVXOWLQDGGLWLRQDOZHOIDUHORVVHV
7KHUHODWLYHVL]HRIWKHZHOIDUHORVVHVIURPVHFRQGEHVWSULFLQJFRPSDUHGWRILUVW
EHVWSULFLQJGHSHQGVRQYDULRXVHODVWLFLWLHV9HUKRHIHWDOIRUH[DPSOH
GHPRQVWUDWHWKDWLIURXWH8 LVSDUWLFXODUO\FRQJHVWHGWKHRSWLPDOVHFRQGEHVWWROOFDQ
EHQHJDWLYHZKLFKW\SLFDOO\LPSOLHVUHODWLYHO\ORZHIILFLHQF\JDLQVGXHWRSULFLQJ
HYHQ]HURZKHQWKHRSWLPDOVHFRQGEHVWFRQJHVWLRQWROOKDSSHQVWREH]HUR0RUH
JHQHUDOO\WKH\VKRZWKDWWKHHIILFLHQF\JDLQVGHSHQGRQWKHUHODWLYHIUHHIORZWUDYHO
WLPHVDQGFDSDFLWLHVRIWKHWZRURXWHVDQGLQFUHDVHLIWKHWROOHGURDGEHFRPHV
UHODWLYHO\PRUHDWWUDFWLYH)XUWKHUPRUHWKHJDLQVGHSHQGRQWKHSULFHHODVWLFLW\RI
WUDYHOGHPDQGLQFRPELQDWLRQZLWKWKHFRVWSDUDPHWHUV6SHFLILFDOO\LIGHPDQG
DSSURDFKHVSHUIHFWLQHODVWLFLW\WKHHIILFLHQF\JDLQVIURPVHFRQGEHVWSULFLQJPD\
DSSURDFKWKRVHIURPILUVWEHVWSULFLQJLIWKHURDGVGLIIHULQIUHHIORZWUDYHOWLPHV7KH
RQO\IDFWRUGHWHUPLQLQJHIILFLHQF\LQWKDWFDVHZRXOGEHWKHURXWHVSOLWZKLFKFDQEH
RSWLPLVHGZLWKRQHWROORQO\+RZHYHULIWKHURDGVKDYHLGHQWLFDOIUHHIORZWUDYHO
WLPHVDVZRXOGRIWHQEHWKHFDVHIRUSD\ODQHVWKHHIILFLHQF\JDLQVIURPVHFRQGEHVW
SULFLQJPD\QHYHUWKHOHVVIDOOWR]HURDVWKHIUHHPDUNHWURXWHVSOLWZLWKRXWWROOLQJ
PD\WKHQDOUHDG\EHRSWLPDO(TXDOLVDWLRQRISULYDWHFRVWVWKHQLPSOLHVWKHRSWLPDO
HTXDOLVDWLRQRIPDUJLQDOFRVWV7KHVHFRQGEHVWRSWLPDOWROODSSURDFKHV]HURDQG
WKHUHIRUHLQGXFHVQRZHOIDUHHIIHFWVZKDWVRHYHU7KHVHILQGLQJVLOOXVWUDWHWKDWIRU
VHFRQGEHVWSULFLQJRIWHQµDQ\WKLQJJRHV¶LQWKHVHQVHWKDWWKHUHODWLYHHIILFLHQF\RI
VHFRQGEHVWSROLFLHVLVRIWHQLPSRVVLEOHWRSUHGLFWZLWKRXWSULRUGHWDLOHGNQRZOHGJHRI
WKHFDVHDWKDQG/LXDQG0F'RQDOGFRQVWUXFWHGDPRGHOGHVFULSWLYHRIRQHRI
WKH&DOLIRUQLDURDGSULFLQJGHPRQVWUDWLRQSURMHFWV6WDWH5RXWHLQ2UDQJH&RXQW\

DQGIRXQGWKDWWKHHIILFLHQF\JDLQVIURPVHFRQGEHVWFRQJHVWLRQSULFLQJDUHLQWKH
RUGHURISHUFHQWRIWKHSRWHQWLDOJDLQVIURPILUVWEHVWSULFLQJ%HDULQJLQPLQGWKH
H[SRVLWLRQDERYHWKLVVKRXOGLQIDFWQRWEHWRRGLVDSSRLQWLQJJLYHQWKHVLPLODULW\RI
WKHSD\ODQHVDQGWKHIUHHODQHVDQGWKHLQHODVWLFLW\RIGHPDQG
 %H\RQGWKHFODVVLFWZRURXWHSUREOHP
7KHFODVVLFWZRURXWHSUREOHPKDVUHFHLYHGFRQVLGHUDEOHDWWHQWLRQIRUDWOHDVWWZR
UHDVRQV)LUVWO\LWLVSUREDEO\WKHVLPSOHVWSRVVLEOHDQGPRVWWUDQVSDUHQWVHWWLQJIRU
LOOXVWUDWLQJVRPHRIWKHPDLQHFRQRPLFLQVLJKWVLQWRWKHLQVDQGRXWVRIVHFRQGEHVW
SULFLQJSROLFLHVZKLFKRIWHQDOVRFDUU\RYHUWRRWKHUPRUHFRPSOLFDWHGVHWWLQJV
6HFRQGO\LWDSSHDUVWREHD UHDVRQDEOHDSSUR[LPDWLRQIRUPDQ\FRQJHVWLRQSULFLQJ
GHPRQVWUDWLRQSURMHFWVWKDWDUHFXUUHQWO\LQRSHUDWLRQ7KHEDVLFPRGHOLVFHUWDLQO\
UDWKHUUHVWULFWLYHDQGDQXPEHURIH[WHQVLRQVKDYHEHHQPDGHWRLQYHVWLJDWHVRPH
IXUWKHUSURSHUWLHVRIWKHSUREOHPDQGLWVVROXWLRQ)RUH[DPSOHVWDWLFPRGHOVDV
GLVFXVVHGDERYHPD\XQGHUHVWLPDWHWKHHIILFLHQF\JDLQVIURPVHFRQGEHVWRQHURXWH
WROOLQJEHFDXVHWKH\LJQRUHVRPHDOWHUQDWLYHZD\VLQZKLFKVHFRQGEHVWSULFLQJFDQ
DIIHFWGULYHUEHKDYLRXU%UDLGDQG'H3DOPDDQG/LQGVH\DOORZIRUWULS
WLPLQJDGMXVWPHQWVE\FRQVLGHULQJWLPHYDU\LQJWROOVLQWKH9LFNUH\ERWWOHQHFN
PRGHODSSOLHGWRWKHVDPHWZRSDUDOOHOURXWHVQHWZRUN7KH\ILQGWKDWVHFRQGEHVW
WROOLQJ\LHOGVKLJKHUDEVROXWHHIILFLHQF\JDLQVWKDQLQWKHVWDWLFPRGHODQGDJUHDWHU
IUDFWLRQRIWKHILUVWEHVWHIILFLHQF\JDLQV7KLVLVEHFDXVHWKHWROOQRWRQO\FXUEV
H[FHVVLYHWRWDOXVDJHEXWDOVRHOLPLQDWHVTXHXLQJRQWKHWROOHGURXWH
 8QGHUVHFRQGEHVWSULFLQJLWLVQRORQJHURSWLPDOWRHTXDWHWD[HVWRWKHGLUHFWPDUJLQDOH[WHUQDOFRVWVEXWLQVWHDGPRUHFRPSOLFDWHGWD[UXOHVDSSO\ZKLFKDLPWRSDUWO\FRUUHFWIRUWKHUHOHYDQWGLVWRUWLRQVDQGQDwYH3LJRXYLDQWD[DWLRQLVWKHUHIRUHQRORQJHURSWLPDO,QDGGLWLRQWRWKDWWKHUHODWLYHHIILFLHQF\RIDJLYHQW\SHRIVHFRQGEHVWSULFLQJRIWHQGHSHQGVUDWKHUVWURQJO\RQFDVHVSHFLILFFLUFXPVWDQFHV

7KHHIILFLHQF\RIVHFRQGEHVWWROOLQJPD\DOVREHLPSURYHGZKHQGULYHUVKDYH
GLIIHUHQWYDOXHVRIWUDYHOWLPH8VHUVZLWKDKLJKYDOXHRIWLPHZRXOGWKHQFKRRVHWKH
WROOHGFRQQHFWLRQDQGEHQHILWUHODWLYHO\VWURQJO\IURPWKHUHGXFHGWUDYHOWLPHZKLOH
WKRVHZLWKDORZYDOXHRIWLPHZRXOGQRWVXIIHUWRRPXFKIURPWKHLQFUHDVHGWUDYHORQ
WKHXQWROOHGFRQQHFWLRQWKDWWKH\SUHIHU6PDOODQG<DQDQG9HUKRHIDQG6PDOO
ILQGWKDWWKHHIILFLHQF\RISD\ODQHVUHODWLYHWRWKHILUVWEHVWRSWLPXPLVLQGHHG
KLJKHUWKDQLQWKHHTXLYDOHQWPRGHOZLWKQRKHWHURJHQHLW\LQWKHYDOXHRIWLPH
)LQDOO\RSWLPDOVHFRQGEHVWWROOVDQGWKHDVVRFLDWHGZHOIDUHJDLQVKDYHDOVREHHQ
LQYHVWLJDWHGIRUODUJHUQHWZRUNVRQZKLFKQRWDOOOLQNVFDQEHWROOHG9HUKRHI
GHULYHVRSWLPDOVWDWLFWROOVRQDQ\VXEVHWRIOLQNVLQFOXGLQJSDUNLQJVSDFHVLQDQ
DUELWUDU\QHWZRUN7KHWROOIRUPXODHZKLFKDUHTXLWHFRPSOLFDWHGLQFOXGHWHUPV
UHIOHFWLQJPDUJLQDOH[WHUQDOFRVWVRQRWKHUOLQNVDQGZHLJKWVWKDWGHSHQGRQYDULRXV
GHPDQGDQGFRVWHODVWLFLWLHV7KHVROXWLRQIRUWKHFODVVLFWZRURXWHSUREOHPSUHVHQWHG
DERYHLVDVSHFLDO±EXWWUDQVSDUHQW±LOOXVWUDWLYHFDVHRIWKHVHJHQHUDOIRUPXODH
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,QWKLVVHFWLRQWKHQHWZRUNRI)LJXUHLVIXUWKHUGLVFXVVHG$VDQQRXQFHGWKLV
QHWZRUNZLOOEHUHFRQVLGHUHGIRUWKHFDVHZKHUHWKHWZRURXWHVDUHLPSHUIHFW
VXEVWLWXWHV7KHUHDUHDVEHIRUHWZRQRGHV$DQG%FRQQHFWHGE\WZROLQNVZKLFK
DUHQRZGHQRWHGDQG%HVLGHVWROOVFDVHVZKHUHFDSDFLWLHVRQWKHVHOLQNVFDQYDU\
ZLOODOVREHFRQVLGHUHGDQGVHFRQGEHVWLVVXHVDULVHLIDWOHDVWRQHRIWKHVHIRXUSROLF\
YDULDEOHVLVUHVWULFWHG
7KHOLQNVPD\UHIHUWRURDGVDVLQWKHFODVVLFWZRURXWHSUREOHPDQGVHFRQGEHVW
SUREOHPVHPHUJHIRULQVWDQFHLIRQO\RQHOLQNLVXQSULFHGRULILWLVSULFHGVXE
RSWLPDOO\7KHOLQNVPD\DOVRUHSUHVHQWGLIIHUHQWPRGHVZKLFKLVZKDWZLOOEH

FRQVLGHUHGLQ6HFWLRQ)RUFRPSHWLQJPRGHVLWLVFRPPRQWRUHJDUGWKHVHDV
LPSHUIHFWVXEVWLWXWHV,QDGGLWLRQWKHW\SHRIFRVWIXQFWLRQVIRUXVHUVDVZHOODVWKH
FRVWRISURYLGLQJFDSDFLW\IRURSHUDWRUVPD\WKHQEHGLIIHUHQWEHWZHHQWKHWZROLQNV
$UQRWWDQG<DQKDYHUHFHQWO\SURYLGHGDUHYLHZRIWKHSUREOHPVWKDWDULVHLI
WUDYHOZLWKRQHPRGHLVVXEVLGLVHGZKLOHWKHSROLF\PDNHUFDQFKRRVHWKHSULFHRI
WUDYHOOLQJRQWKHRWKHUPRGHDQGFDSDFLW\RQERWKOLQNV7KLVµWZRPRGHSUREOHP¶
DSSHDUVWREHKDUGWRVROYHLQJHQHUDOWHUPV
,IWZRURDGVDUHSHUIHFWVXEVWLWXWHVDQ\SULFHGLIIHUHQFHLPSOLHVWKDWRQHURXWHZLOO
QRWEHXVHG+RZHYHULIWKH\DUHLPSHUIHFWVXEVWLWXWHVSULFHGLIIHUHQFHVGRQRW
QHFHVVDULO\LPSO\WKDWGHPDQGIRUWKHPRVWH[SHQVLYHURXWHIDOOVWR,QUHDOLW\WZR
URDGVWKDWFRQQHFWWKHVDPHSDLURIWRZQVQHHGQRWQHFHVVDULO\EHFRQVLGHUHGDV
SHUIHFWVXEVWLWXWHV)RULQVWDQFHFRQVXPHUVPD\SUHIHURQHURXWHWRWKHRWKHUEHFDXVH
WKHLUUHVLGHQWLDOORFDWLRQLQ$LVFORVHUWRWKHSRLQWZKHUHURXWHVWDUWVEHFDXVHWKHLU
GHVWLQDWLRQLQ%LVFORVHUWRZKHUHURXWHHQGVRUEHFDXVHWKH\KDYHDSUHIHUHQFH
RYHUKLJKZD\VHDVLHUGULYLQJRUVHFRQGDU\URDGVQLFHUVFHQHU\SHUVH7KHUDQGRP
WHUPLQWKHORJLWPRGHOSUHVHQWHGEHORZPD\EHLQWHUSUHWHGDVUHIOHFWLQJVXFK
LGLRV\QFUDWLFGLIIHUHQFHV
 7KHJHQHUDOPRGHO
,QZKDWIROORZVDPRGHOWKDWFDQFRYHUDOOWKHDIRUHPHQWLRQHGFDVHVLVFRQVWUXFWHG,Q
WKHJHQHUDOPRGHOWKHVRFLDOSODQQHUDWWHPSWVWRPD[LPLVHWKHVRFLDOVXUSOXVZKLFKLV
GHILQHGDVFRQVXPHUVXUSOXVSOXVWROOUHYHQXHVPLQXVFRVWRILQIUDVWUXFWXUHFDSDFLW\
.75&666  
7KH0DUVKDOOLDQQRWLRQRIFRQVXPHUVXUSOXVLVXVHG)RUDVLQJOHJRRGLWLVWKHDUHD
XQGHUWKHLQYHUVHGHPDQGFXUYHDQGDERYHWKHSUHYDLOLQJSULFHEHWZHHQWKHRULJLQ
DQGWKHHTXLOLEULXPTXDQWLW\,IWZRRUPRUH JRRGVDUHLQYROYHGWKHWRWDOFRQVXPHU

VXUSOXVLVQRWXVXDOO\WKHVXPRIWKHFRQVXPHUVXUSOXVHVIRUWKHLQGLYLGXDOJRRGVDV
WKH\FRXOGEHFDOFXODWHGRQWKHEDVLVRIWKHWZRRUPRUHGHPDQGIXQFWLRQV7KH
UHDVRQLVWKDWWKHGHPDQGFXUYHVDUHLQWHUUHODWHGDQGZKHQWKHSULFHRIRQHJRRGLV
LQFUHDVHGWKHGHPDQGFXUYHVIRUWKHRWKHUJRRGVDQGWKHDVVRFLDWHGFRQVXPHU
VXUSOXVHVFKDQJHV+RZHYHUWRWDOVXUSOXVFDQVWLOOEHGHILQHGXQDPELJXRXVO\LI
WKHGHPDQGIXQFWLRQVDUHLQGHSHQGHQWRILQFRPHDQGWKDWLVZKDWZLOOEHDVVXPHG
KHUH7KHVLWXDWLRQZLWKWZRJRRGVLQGLFDWHGE\VXIIL[HVDQGLVFRQVLGHUHG7KH
TXDQWLWLHVT GHPDQGHGFDQEHGHULYHGIURPWKHFRQVXPHUVXUSOXVE\WDNLQJWKHILUVW
GHULYDWLYHVDQGSXWWLQJDPLQXVVLJQLQIURQW
  ww LS&6T LL 
7ROOVDUHGHQRWHG2DQGKDYHWREHPXOWLSOLHGE\WKHQXPEHURIWULSVLQRUGHUWRILQG
WROOUHYHQXHV

 TT 757575 WW   
&RVWGHSHQGVRQFDSDFLW\
  FDS.FDS..  
&RQVWDQWUHWXUQVWRVFDOHDUHQRWLPSRVHG&DSDFLW\LVDOORZHGWREHYHFWRUYDOXHG
HJWKHIUHTXHQF\RIWUDLQVDQGWKHQXPEHURIVHDWVSHUWUDLQPD\EHUHOHYDQW
GLPHQVLRQVRIFDSDFLW\EXWLWZLOOXVXDOO\EHDVVXPHGWREHD VFDODUHJURDG
ZLGWK
2QO\FDVHVLQZKLFKDXVHUHTXLOLEULXPLVREWDLQHGZLOOEHFRQVLGHUHG8VHU
HTXLOLEULXPLVIRXQGZKHUHWKHLQYHUVHGHPDQGDVUHSUHVHQWHGE\WKHIXOOSULFHS IRU
ERWKURXWHVLVHTXDOWRWKHVXPRISULYDWHWUDYHOFRVWFZKLFKGHSHQGVRQFDSDFLW\
DQGQXPEHURIWULSVDQGWROO2

   LTFDSFS LLLLL W 
7KHILUVWEHVWSUREOHPLVWKHPD[LPLVDWLRQRIVRFLDOVXUSOXVE\FKRRVLQJWKHWZRWROOV
DQGFDSDFLWLHVXQGHUWKHVLGHFRQGLWLRQWKDWDXVHUHTXLOLEULXPVKRXOGEHREWDLQHG
7KH/DJUDQJLDQLV     LLLLLLLLLL LLLS L FDSSTFSFDS.ST[[T
FSFS66/
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7KHILUVWRUGHUFRQGLWLRQVZLWKUHVSHFWWRSSWW DQGFDS DQGFDS DUH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
  ww ww LFDSFFDS. LLLLL O 
,QWKHILUVWEHVWRSWLPXPDOOFRQGLWLRQVDQGDUHVDWLVILHG,QVHFRQGEHVW
VLWXDWLRQVRQHRUPRUHRIWKHIRXUHTXDWLRQVDQGDUHQRWVDWLVILHG(TXDWLRQV
DQGDUHDOZD\VYDOLGVLQFHWKH\DUHWKHFRQVHTXHQFHRIWKHEDVLFUHTXLUHPHQWWKDW
WKHUHVKRXOGEHDXVHUHTXLOLEULXP
(TXDWLRQVDUHWKHUHTXLUHPHQWVIRURSWLPDOWROOLQJ7KH\VWDWHWKDWXQGHU
RSWLPDOWROOLQJWKH/DJUDQJHPXOWLSOLHUVZLOOEHHTXDOWRWKHDVVRFLDWHGQXPEHUVRI
WULSV ,IHTXDWLRQVDUHYDOLGWKH/DJUDQJHPXOWLSOLHUVFDQHDVLO\EHHOLPLQDWHG
 ,QWUDQVSRUWDWLRQHFRQRPLFVRIWHQDQDOWHUQDWLYHEXWHTXLYDOHQWIRUPXODWLRQRIFRQVXPHUVXUSOXVLVXVHGEDVHGRQWKHLQYHUVHGHPDQGIXQFWLRQ,QWKDWFDVHSDUWLDOGHULYDWLYHVRIWKH/DJUDQJHIXQFWLRQZLWKUHVSHFWWRWKHYROXPHVRIWULSVKDYHWREHXVHGDQGWKH/DJUDQJHPXOWLSOLHUVDUHWKHQHTXDOWR]HURXQGHURSWLPDOWROOLQJ,QWKHSUHVHQWFRQWH[WZLWKSRVVLEO\LPSHUIHFWVXEVWLWXWDELOLW\EHWZHHQWKHWZRURXWHVPRGHVWKHIRUPXODWLRQEDVHGRQWKHµRUGLQDU\¶GHPDQGIXQFWLRQLVPRUHFRQYHQLHQW

IURPWKHV\VWHPRIHTXDWLRQV7KLVLPSOLHVDVXEVWDQWLDOVLPSOLILFDWLRQ(TXDWLRQV
FDQWKHQEHZULWWHQDV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7KLVLPSOLHVWKDWERWKWROOVVKRXOGEHHTXDOWRWKHH[WHUQDOFRQJHVWLRQHIIHFW
(TXDWLRQVEHFRPH



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ww ww 
(TXDWLRQVWDWHVWKDWWKHPDUJLQDOFRVWRIFDSDFLW\VKRXOGEHHTXDOWRWKHPDUJLQDO
EHQHILWLQWKHIRUPRIUHGXFHGWUDYHOFRVWV
,WLVVWDQGDUGWRDVVXPHWKDWSULYDWHWUDYHOFRVWVDUHKRPRJHQHRXVRIGHJUHH]HUR
LQFDSDFLW\DQGQXPEHURIXVHUV7KLVLPSOLHV
   wwww LFDSFFDSTFT LLLLLL 
8VLQJ(TXDWLRQWKHILUVWRUGHUFRQGLWLRQVZLWKUHVSHFWWRFDSDFLW\FDQEH
UHZULWWHQDV
  ww ww LTFTFDS.FDS LLLLLLL O 
,IWKHUHDUHFRQVWDQWUHWXUQVWRVFDOH LL FDS. ww  LVDFRQVWDQWNLDQGWKHOHIWKDQG
VLGHRI(TXDWLRQLVHTXDOWRWKHWRWDOFRVWRIFDSDFLW\RIOLQNL7KHULJKWKDQGVLGH
LVHTXDOWRL WLPHVWKHH[WHUQDOFRQJHVWLRQHIIHFWRIWUDIILFRQOLQNL,QWKHILUVWEHVW
 ,IWKHPDWUL[RISDUWLDOGHULYDWLYHVwTLwSM KDVDQLQYHUVHWKLVLVWKHXQLTXHVROXWLRQ7KHPDWUL[KDVQRLQYHUVHLIWRWDOGHPDQGLVIL[HGRULIWKHVKDUHVRIWKHWZRURXWHVPRGHVDUHIL[HG

HTXLOLEULXPWKH/DJUDQJHPXOWLSOLHUHTXDOVWKHQXPEHURIXVHUVDQGWKHFRVWRI
FDSDFLW\LVWKHUHIRUHHTXDOWRRSWLPDOWROOUHYHQXHV7KLVVHOIILQDQFLQJUHVXOWZDVILUVW
REWDLQHGE\0RKULQJ DQG+DUZLW] IRUDVLQJOHOLQN<DQJDQG0HQJ
UHFHQWO\VKRZHGWKDWLWDOVRKROGV LQDJHQHUDOQHWZRUN+RPRJHQHLW\RIGHJUHHRI
WKHXVHUFRVWIXQFWLRQZLOOQRWDOZD\VEHLPSRVHGWKHIXQFWLRQXVHGIRUSXEOLF
WUDQVSRUWLQWKHWZRPRGHPRGHOGRHVQRWVDWLVI\WKLVUHTXLUHPHQW
 7ULSJHQHUDWLRQDQGWULSGLVWULEXWLRQ
$ GLVWLQFWLRQEHWZHHQWULSJHQHUDWLRQDQGWULSGLVWULEXWLRQLVRIWHQPDGHLQ
WUDQVSRUWDWLRQSODQQLQJPRGHOV,WLVFRQYHQLHQWEHFDXVHLWDOORZVIRUDGHFRPSRVLWLRQ
RIWKHWRWDOSODQQLQJSUREOHPLQSDUWVWKDWFDQEHWUHDWHGUHODWLYHO\LQGHSHQGHQWRI
HDFKRWKHU DQGLWLVWKHUHIRUHXVHIXOWRLQWURGXFHLWLQHFRQRPLFPRGHOVDVZHOO ,Q
RUGHUWRLQWURGXFHWKLVGLVWLQFWLRQLQDZD\WKDWLVFRQVLVWHQWZLWKHFRQRPLFWKHRU\
DVVXPHWKDWFRQVXPHU¶VVXUSOXVFDQ EHZULWWHQDVDIXQFWLRQRIDFRPSRVLWHSULFH 3 RI
WKHSULFHVRIWKHWZRWUDQVSRUWVHUYLFHV
  3&6SS&6  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  SS33  
3 FDQEHLQWHUSUHWHGDVDFRPSRVLWHSULFHIRUWUDQVSRUWVHUYLFHV DQGHTXDWLRQ
VWDWHVWKDWWKHFRQVXPHUVXUSOXVGHULYHGIURPERWKWUDQVSRUWVHUYLFHVFDQEHZULWWHQDV
WKHFRQVXPHU¶VVXUSOXVRIDVLQJOHWUDQVSRUWVHUYLFH
,WFDQWKHQEHHDVLO\YHULILHGXVLQJ(TXDWLRQWKDWIRUWKHVXPRIWKHGHPDQGIRU
ERWKOLQNV  TT4  
¸¸¹·¨¨©§ wwwwww  S3S33&64 

ZKHUHDVWKHGLVWULEXWLRQVKDUHVV RIWKHWULSVRYHUWKHWZRPRGHV DUH
  ¸¸¹·¨¨©§ wwwwww  LS3S3S34TV LLL 
&RQVLGHUDEOHVLPSOLILFDWLRQRIWKHODWWHUWZRHTXDWLRQVLVSRVVLEOHLILWLVDVVXPHGWKDW
WKHSDUWLDOGHULYDWLYHVRI3 DGGXSWR
  wwww S3S3 
$FFRUGLQJWR(TXDWLRQDVPDOOFKDQJHGS LQWKHSULFHVRIWULSVRQWKHWZRURDGV
OHDGVWRDQLGHQWLFDOFKDQJHLQWKHFRPSRVLWHSULFHRIWUDQVSRUWRQERWKURXWHVZKLFK
LVLQWXLWLYH
(TXDWLRQUHIHUVWRWULSJHQHUDWLRQDQG(TXDWLRQWRPRGDOVSOLW RUURXWH
FKRLFH7KHVH HTXDWLRQVVKRZ WKDW ZKHQERWKDVVXPSWLRQVDUHPDGHWULSJHQHUDWLRQ
GRHVQRWGHSHQGRQWKHVSHFLILFDWLRQRI3ZKHUHDVWULSGLVWULEXWLRQGRHVQRWGHSHQG
RQWKHVSHFLILFDWLRQRI &6 6SHFLILFDWLRQZLWK3 VDWLVI\LQJLVWKHUHIRUH
FRQVLVWHQWZLWKWKHXVHRIGLIIHUHQWVXEPRGHOVIRUWKHVHWZRDVSHFWVRIWUDYHOGHPDQG
ZKLFKDUHUHODWLYHO\LQGHSHQGHQWRIHDFKRWKHU
7KHHIIHFWRIDQLQFUHDVHLQWKHSULFHRIRQHURXWHRUPRGHFDQEHGHFRPSRVHG
LQWRDWULSJHQHUDWLRQHIIHFWDQGDWULSGLVWULEXWLRQHIIHFWDVIROORZV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7KLVHTXDWLRQKROGVIRULM 

7KHORJLWPRGHOZKLFKLVDVWDQGDUGVSHFLILFDWLRQIRUPRGHFKRLFHUHVXOWVLIWKH
IROORZLQJ3 LVFKRVHQ
EDD DD EE


OQ ¸¸¹·¨¨©§  SS HH3 
ZLWKDQG..!7KHVKDUHVFDQEHGHWHUPLQHGXVLQJ(TXDWLRQDV
  SS
SLL HH HV L EE EDD D  
.L FDQEHUHZULWWHQDVH[S.LZLWK.L OQ.LDQGLWLVSRVVLEOHWKDW.L GHSHQGVRQPRGHRUURXWHFKDUDFWHULVWLFVDVLVXVXDOLQHPSLULFDOORJLWPRGHOV XVHGWRVWXG\WULS
GLVWULEXWLRQ
,QWKHOLPLWLQJFDVHLQZKLFK OLQNFKRLFHLVLQGHSHQGHQWRIWKHSULFHV,WFDQ
EHYHULILHGIURP(TXDWLRQWKDWLIS S S3 LVDOVRHTXDOWRSWKDW3 LVLQFUHDVLQJLQERWKSULFHVDQGWKDW3 DOZD\VWDNHVRQDYDOXHLQEHWZHHQWKDWRIWKH
WZRSULFHV7KLVPRWLYDWHVWKHLQWHUSUHWDWLRQRI3 DVDFRPSRVLWHSULFHIRUWUDQVSRUWRQ
WKHWZRPRGHVRUURXWHV 3 LV KRPRJHQHRXVRIGHJUHHLQWKH SULFHV RIDOOJRRGVLISDQGS DUHLQWHUSUHWHGDVUHODWLYHSULFHV7KHWZROLQNVRIWKHQHWZRUNDUHSHUIHFWVXEVWLWXWHVLIWKHXVHUVDOZD\VFKRRVHWKH
RQHZLWKWKHORZHVWFRVW,QWKLVVLWXDWLRQWKHVKDUHRIOLQNVKRXOGEHHTXDOWR]HURLI
S!SDQGHTXDOWRLQWKHRSSRVLWHFDVHZKHUHDVWKHVKDUHVDUHLQGHWHUPLQDWHZKHQERWKSULFHVDUHHTXDO,IWKHORJLWVSHFLILFDWLRQIRUWKHVKDUHVLVXVHGWKLVVLWXDWLRQFDQ
EHDSSUR[LPDWHGDUELWUDULO\FORVHO\E\FKRRVLQJWDNLQJWKHOLPLWIRU foE RI
7KLVLVHDVLO\YHULILHGE\UHZULWLQJ(TXDWLRQIRUL DV
 (TXDWLRQLVQRWWKHRQO\SRVVLEOHVSHFLILFDWLRQRI3 WKDWVDWLVILHV$Q\IXQFWLRQ3 OQ>JH[SSH[SS@ZLWKJKRPRJHQHRXVRIGHJUHHLQLWVWZRDUJXPHQWVGRHV 7KHIXQFWLRQ3 LVHTXDOWRWKHVXPRIDFRQVWDQWOQ..DQGWKHORJVXPPHDVXUHWKDWFDQEHXVHGIRUZHOIDUHHFRQRPLFDQDO\VHV6PDOODQG5RVHQ


 
 DD DE E   SS SSH HV 
DQGWDNLQJWKHOLPLWIRU foE :KHQ HTXDOVWKHUHLVQRSULFHVHQVLWLYLW\DWDOO
7KHPRGHOGHYHORSHGLQWKHSUHVHQWVXEVHFWLRQVHHPVDWWUDFWLYHDVWKHEDVLVRID
VLPXODWLRQPRGHO,QSDUWLFXODULWRIIHUVWKHSRVVLELOLW\WRFRPSDUHKRZVHFRQGEHVW
SUREOHPVFKDQJHLIWKHWZROLQNVEHFRPHFORVHUVXEVWLWXWHV
 $VLPXODWLRQPRGHOZLWKWZRURXWHV
7KHSUHYLRXVWZRVXEVHFWLRQVSURYLGHWKHPDLQLQJUHGLHQWVIRUDVLPXODWLRQPRGHOIRU
WKHWZRURXWHDQGWZRPRGHVLWXDWLRQVWKDWZLOOEHXVHGLQWKHUHPDLQGHURIWKLV
VHFWLRQ7KHWZRURXWHFDVHLVGLVFXVVHGKHUHDQGWKHPRGHOLVFRPSOHWHGE\
LQWURGXFLQJVSHFLILFIRUPVIRUWKHWRWDOGHPDQGDQGWUDYHOWLPHIXQFWLRQV
$TXDGUDWLFVSHFLILFDWLRQIRUFRQVXPHU¶VVXUSOXVLVDGRSWHGDVDIXQFWLRQRIWKH
WUDQVSRUWSULFHLQGH[3
  3E3D&6  
ZLWKD! DQGE7RWDOGHPDQGIRUWULSVLVWKHUHIRUHDOLQHDUIXQFWLRQRIWKHSULFHRI
WUDQVSRUW
3ED4  
7KHORJLWIRUPXODWLRQLVXVHGIRU38VHUFRVWLVJLYHQE\ WKHFRPPRQO\XVHG
%XUHDXRI3XEOLF5RDGVIRUPXODWLRQ
»»¼
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ZKHUHYRWGHQRWHVWKHYDOXHRIWLPHDQGIIWW IUHHIORZWUDYHOWLPH7KLVIXQFWLRQLV
KRPRJHQHRXVRIGHJUHH]HURLQWKHQXPEHURIWULSVDQGFDSDFLW\
 6HHHJ6PDOOS

)RUWKHFRVWRIFDSDFLW\LQWKHWZRURXWHSUREOHPWKHIROORZLQJVSHFLILFDWLRQLV
XVHG
LLLL FDSNFDS.   
7KLVFRVWIXQFWLRQKDVFRQVWDQWUHWXUQVWRVFDOH
7DEOH 3DUDPHWHUYDOXHVIRUWKHWZRURXWHSUREOHP
3DUDPHWHU 5RXWHPRGH 5RXWHPRGH'HPDQGD E E D  8VHUFRVWYRW IIWW  
F  
HF  &RVWRIFDSDFLW\N  
7KHSDUDPHWHUYDOXHVXVHGIRUWKHWZRURXWHSUREOHPVHH7DEOHUHIHUWRD
VLWXDWLRQLQZKLFKWZRFLWLHVDUHFRQQHFWHGE\URDGVWKDWGLIIHULQFDSDFLW\DQGIUHH
IORZWUDYHOWLPH7KHURXWHZLWKWKHKLJKHVWIUHHIORZWUDYHOWLPHKDVWKHORZHVWFRVW
RIFDSDFLW\ SHUURDGNLORPHWUH3UHIHUHQFHVZLWKUHVSHFWWRWKHXVHRIWKHWZRURXWHV
DUHV\PPHWULFZKLFKPHDQVWKDWFRQVXPHUVGRQRWV\VWHPDWLFDOO\SUHIHURQHURDG
RYHUWKHRWKHU
/LQNKDVDIUHHIORZWUDYHOWLPHRIKDOIDQKRXUDQGOLQNKDVDIUHHIORZWUDYHO
WLPHRIWKUHHTXDUWHUVRIDQKRXUDQGWKHYDOXHRIWLPHLVVHWDWWKH'XWFKDYHUDJHRI
¼7KH%35SDUDPHWHUVF DQGFH KDYHWKHLUFRQYHQWLRQDOYDOXHV7KHXQLWSULFHRIFDSDFLW\ZDVGHWHUPLQHGDVIROORZV$YDOXHRIFDS HTXDOWR
IRUWKH%35FRVWIXQFWLRQLPSOLHVDGRXEOLQJRIWUDYHOWLPHVDWDIORZRIDURXQG

YHKLFOHVSHUKRXU7KLVLVURXJKO\WKHIORZDWZKLFKHPSLULFDOO\WUDYHOWLPHV
GRXEOHIRUDVLQJOHKLJKZD\ODQH7KHKRXUO\XQLWSULFHRIFDSDFLW\RI¼IRUOLQN
WKHIDVWFRQQHFWLRQZDVGHWHUPLQHGE\GLYLGLQJWKHHVWLPDWHGDYHUDJHDQQXDOFDSLWDO
FRVWRIRQHKLJKZD\ODQHNLORPHWUHLQ7KH1HWKHUODQGV¼PLOOLRQE\
ZRUNLQJGD\VPXOWLSOLHGE\SHDNKRXUVSHUZRUNLQJGD\DVVXPLQJWZRSHDNVDQG
WKHQE\WKHQXPEHURIXQLWVRIFDSDFLW\RIDVWDQGDUGKLJKZD\ODQHDQG
ILQDOO\E\PXOWLSO\LQJWKDWUHVXOWE\WKHQXPEHURINLORPHWUHVWKDWFDQEHWUDYHOOHG
DWIUHHIORZVSHHGLQKDOIDQKRXU7KHSULFHRIFDSDFLW\DWOLQNZDVVHWDWWKHVDPH
YDOXHLQRUGHUWRIDFLOLWDWHFRPSDUDELOLW\$OWKRXJKWKHURDGLVORQJHUZKLFKPLJKW
FDOOIRUDKLJKHUNFRQVWUXFWLRQPD\EHFKHDSHUZKLFKPD\FDOOIRUDORZHUN
%DVHFDVH
7KHEDVHFDVHUHIHUVWRDXVHUHTXLOLEULXPZLWKRXWWROOVDQGZLWKFDSDFLWLHVDVVKRZQ
LQ7DEOHZLWKDKLJKHUFDSDFLW\IRUOLQN7KHPDLQFKDUDFWHULVWLFVRIWKHEDVHFDVH
DUHJLYHQLQ7DEOH

7DEOH 7KHEDVHFDVHRIWKHWZRURXWHSUREOHP
9DULDEOH 5RXWHPRGH 5RXWHPRGHFDS  T  4 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1RWHFDS T DQG4 DUHPHDVXUHGDVQXPEHUVRIWULSVSHUKRXUF S 3 &6 . DQG66 LQ
HXURV6RXUFHRZQFDOFXODWLRQV
,WLVLQWHUHVWLQJWRVHHZKDWKDSSHQVZKHQWKHWZRURXWHVEHFRPHFORVHUVXEVWLWXWHVRU
LQRWKHUZRUGVZKHQWKHDEVROXWHYDOXHRI LVLQFUHDVHG)LJXUHVKRZVWKH
HTXLOLEULXPYDOXHVRISULFHVDQGGHPDQGIRUWUDYHORQERWKOLQNVIRUVXFFHVVLYHO\
KLJKHUYDOXHVRI7KHSULFHVXVHUFRVWVIRUWKHWZROLQNVLQ)LJXUHDSSURDFKHDFK
RWKHUFORVHO\6LQFHFDSDFLW\LVIL[HGWKLVLPSOLHVWKDWWKHOLQNWKDWKDGWKHORZHUXVHU
FRVWLQWKHEDVHFDVHLVXVHGPRUHLQWHQVLYHO\,WVORZHUSULFHDWWUDFWVPRUHXVHUVZKHQ
SULFHVHQVLWLYLW\LQFUHDVHVDQGIRUWKLVUHDVRQXVHUFRVWLQFUHDVHVDQGWKHSULFH
GLIIHUHQFHGLVDSSHDUV&RQYHUJHQFHWRWKHFDVHRISHUIHFWVXEVWLWXWHVIRU:KDV
EHHQFRQILUPHGE\PHDQVRIDVHSDUDWHPRGHOWKDWXVHVWKH:DUGURSHTXLOLEULXP
FRQGLWLRQV
 7KLVFKHFNKDVDOVREHHQFDUULHGRXWLQRWKHU XQLPRGDOFDVHVFRQVLGHUHGEHORZ

)LJXUH (IIHFWRILQFUHDVLQJVXEVWLWXWDELOLW\RQXVHUFRVWXSSHUSDQHODQG
URXWHFKRLFHORZHUSDQHOLQWKHEDVHFDVHRIWKHWZRURXWHPRGHO
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)LUVWEHVW
)LQGLQJWKHILUVWEHVWVROXWLRQLVIDFLOLWDWHGE\WKHDVVXPSWLRQVRIFRQVWDQWUHWXUQVWR
VFDOHRIWKHFDSDFLW\FRVWIXQFWLRQDQGKRPRJHQHLW\RIGHJUHHRIWKHWUDYHOFRVW
IXQFWLRQ(TXDWLRQVLPSO\



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DQGWKLVGHWHUPLQHVWKHUDWLREHWZHHQQXPEHURIXVHUVDQGFDSDFLW\7KHRSWLPDOWROO
LVDIXQFWLRQRIWKLVUDWLRRQO\
LHF
L
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
DVLVWKHXVHUFRVWRIWUDYHOJLYHQLQ(TXDWLRQ7RJHWKHUWKH\GHWHUPLQHWKHYDOXHV
RIWKHSULFHVSL E\(TXDWLRQ7KHSULFHVSL LQWXUQDOORZWRWDOGHPDQGDQGURXWHFKRLFHWREHFRPSXWHG&RQVXPHUVXUSOXVWROOUHYHQXHVFDSDFLWLHVDQGDVVRFLDWHG
FRVWVDUHSUHVHQWHGLQ7DEOH
7DEOH )LUVWEHVWVLWXDWLRQRIWKHWZRURXWH SUREOHP
9DULDEOH 5RXWHPRGH 5RXWHPRGHFDS  T  4 F  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6RXUFHRZQFDOFXODWLRQV
1RWHFDS T DQG4 DUHPHDVXUHGDVQXPEHUVRIWULSVSHUKRXUF 2 S 3&6 . DQG66
LQHXURV
)RUWKHILUVWEHVWFDVHLWLVDOVRLQWHUHVWLQJWRVHHZKDWKDSSHQVLIWKH SULFH
VHQVLWLYLW\RIURXWHFKRLFHLQFUHDVHV7KHILUVWWKLQJWRREVHUYHLVWKDWLQWKLVFDVHWKH

SULFHVXVHUFRVWVRQWKHWZRURXWHVFDQQRWEHFRPHHTXDO$VH[SODLQHGDERYHWKHVH
SULFHVDUHGHWHUPLQHGE\WKHUDWLREHWZHHQQXPEHURIXVHUVDQGFDSDFLW\DQGWKLV
UDWLRLVIL[HGE\WKHILUVWRUGHUFRQGLWLRQIRUFDSDFLW\FKRLFH7KHFRQVWDQWSULFH
GLIIHUHQFHEHWZHHQWKHWZRURXWHVZLOOKDYHDODUJHUHIIHFWRQGHPDQGZKHQSULFH
VHQVLWLYLW\LQFUHDVHV6LQFHFDSDFLW\LVDGMXVWHGWRWKHQXPEHURIXVHUVEHFDXVHRIWKH
FRQVWDQWUDWLREHWZHHQWKHWZRWKLVLPSOLHVWKDWWKHPRVWH[SHQVLYHURDGZLOO
JUDGXDOO\GLVDSSHDUZLWKHQRXJKVXEVWLWXWDELOLW\)LJXUHVKRZVWKDWGHPDQGVKLIWV
WRZDUGVWKHILUVWURXWHZKHQWKHDEVROXWHYDOXHRI LQFUHDVHV)RUYDOXHVODUJHUWKDQ
GHPDQGIRUWULSVRQURXWHLVYLUWXDOO\HTXDOWR
)LJXUH (IIHFWRILQFUHDVLQJVXEVWLWXWDELOLW\RQURXWHFKRLFHLQWKHILUVWEHVW
VLWXDWLRQRIWKHWZRURXWHPRGHO
 6HFRQGEHVWWKHWZRURXWHSUREOHP
,QRUGHUWRVROYHVHFRQGEHVWSUREOHPVDQLWHUDWLYHSURFHGXUHZDVXVHG$VDVWDUWLQJ
SRLQWDXVHUHTXLOLEULXPIRUJLYHQYDOXHVRIWKHSROLF\YDULDEOHVZDVWDNHQ7KHQD
OLQHDULVHGYHUVLRQRIWKHILUVWRUGHUFRQGLWLRQVZDVVROYHGIRUWKHVHFRQGEHVW
RSWLPXP,QWKHIROORZLQJVWHSDZHLJKWHGDYHUDJHRIWKHRULJLQDOYDOXHVDQGWKRVH
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VXJJHVWHGE\WKHOLQHDULVHGILUVWRUGHUFRQGLWLRQVIRUWKHSROLF\YDULDEOHVWKDWFDQEH
IUHHO\FKRVHQZDVXVHG7KLVSURFHGXUHZDVUHSHDWHGXQWLOFRQYHUJHQFHRFFXUUHG
$ VHTXHQFHRIVHFRQGEHVWVLWXDWLRQV ZKHUHLQHDFKVWHSDQDGGLWLRQDOSROLF\
LQVWUXPHQWLVDGGHGZLOOEHGLVFXVVHG,QWKHEDVHFDVHQRLQVWUXPHQWVDUHXVHGDWROO
RQURDGWZRLVWKHQLQWURGXFHGDQGWKHFDSDFLWLHVRIURDGVDQGDUHVXEVHTXHQOW\
DGGHG,IILQDOO\DWROORQURDGFRPHVDYDLODEOHDVDSROLF\LQVWUXPHQWWKHILUVWEHVW
VLWXDWLRQUHVXOWV
2QHWROOIL[HGFDSDFLWLHV
)LUVWWKHVLWXDWLRQLQZKLFKWKHWROORQURXWHLVHTXDOWR]HURFDSDFLWLHVRQERWK
URXWHVDUHIL[HGDQGWKHSROLF\PDNHU¶VVLQJOHLQVWUXPHQWLVWKHWROORQURXWH LV
DQDO\VHG7KLVLPSOLHVWKDWRIWKHILUVWRUGHUFRQGLWLRQVRQO\DQGIRU
L DUHVDWLVILHG,QWKDWVLWXDWLRQRQO\DPRGHVWZHOIDUHJDLQLQFRPSDULVRQWRWKH
EDVHFDVHFDQEHDFKLHYHGVRFLDOVXUSOXVULVHVWR¼ 7KHLQGH[RIUHODWLYH
ZHOIDUHLPSURYHPHQW& LVHTXDOWR7KHRSWLPDOWROOLVHTXDOWR DQG
VHYHUHFRQJHVWLRQUHPDLQVRQERWKURXWHV:KHQSULFHVHQVLWLYLW\LQFUHDVHVXVHUFRVWV
RQERWKURXWHVFRQYHUJHZKHUHDVWKHQXPEHUVRIWULSVGLYHUJHVRPHZKDWMXVWDVLQ
WKHEDVHFDVH
7KHVHUHVXOWVDUHVXUSULVLQJO\FORVHWRWKHUHVXOWVIURPWKHPRGHOZLWKSHUIHFW
VXEVWLWXWDELOLW\W DQGZ  ZLWK66 ¼ LQWKHEDVHFDVH
66 ¼LQWKHVHFRQGEHVWFDVHDQG66 ¼LQWKHILUVWEHVWFDVHZKHUH
URDGLVLQIDFWHOLPLQDWHG7KLVVXJJHVWVWKDWDOWKRXJKWKHDVVXPSWLRQRILPSHUIHFW
VXEVWLWXWDELOLW\EHWZHHQURXWHVPDNHVWKHPRGHOULFKHUDQGDOORZVIRUPRGHFKRLFHLW
 7KHLQGH[RIUHODWLYHZHOIDUHLPSURYHPHQWLVWKHLQFUHDVHLQVRFLDOVXUSOXVFRPSDUHGWRWKHEDVHHTXLOLEULXPDVDIUDFWLRQRIWKHLQFUHDVHLQWKHILUVWEHVWRSWLPXP 1RWHWKDWWKHYDOXHRIWKLVLQGH[LVGHSHQGHQWRQWKHSDUDPHWHUYDOXHVFKRVHQLQWKHEDVHFDVH )RULQVWDQFHWKH

GRHVQRWVWURQJO\DIIHFWWKHSROLF\FRQFOXVLRQVRQWKHGHVLJQDQGGHVLUDELOLW\RI
VHFRQGEHVWSULFLQJ
2QHWROORQHFDSDFLW\
7KHVHFRQGSKDVHFRQFHQWUDWHGRQWKHDQDO\VLVRIWKHVLWXDWLRQLQZKLFKWKHWROODQG
FDSDFLW\RIURXWHFDQEHGHWHUPLQHGE\WKHSROLF\PDNHU)LUVWRUGHUFRQGLWLRQV
DUHERWKVDWLVILHGEXWFRQGLWLRQVDQGDUHRQO\YDOLGIRUL ,QWKHVHFRQGEHVW
RSWLPXPWKHFDSDFLW\RIURXWHLVH[WHQGHGVXEVWDQWLDOO\WRWULSVSHUKRXU
ZKHUHDVWKHWROOLVQHJDWLYH¼±&RQJHVWLRQRQURXWHUHPDLQVVLJQLILFDQWZLWK
WKHQXPEHURIWULSVDW7KHZHOIDUHJDLQLVVXEVWDQWLDOVRFLDOVXUSOXVLVQRZ
HTXDOWR¼ZLWK& :KHQSULFHVHQVLWLYLW\LQFUHDVHVWKHRSWLPDOWROO
LQFUHDVHV,WEHFRPHVSRVLWLYHIRUYDOXHVRI KLJKHUWKDQ$WWKDWOHYHOZ LVVWLOO
SRVLWLYHDQGHTXDOWRZKLFKUHIOHFWVWKHZHOIDUHJDLQIURPRSWLPL]LQJURXWH¶V
FDSDFLW\HYHQZKHQWKHVHFRQGEHVWRSWLPDOWROOLV]HUR:KHQE LQFUHDVHVWKH
RSWLPDOFDSDFLW\RIURXWHLQFUHDVHVEXWFRQJHVWLRQRQURXWHDOVRJURZV,QWKH
OLPLWLQJFDVHRISHUIHFWVXEVWLWXWDELOLW\WKHVHFRQGEHVWWROOLVHTXDOWR¼WKH
FDSDFLW\WRWULSVSHUKRXUDQGZ LQFUHDVHVWR7KHVHUHVXOWVVXJJHVWWKDW
ZKHQFDSDFLW\FKRLFHLVDSROLF\YDULDEOHWKHLPSDFWRIDOORZLQJLPSHUIHFW
VXEVWLWXWDELOLW\XSRQSROLF\GHVLJQDQGHYDOXDWLRQLQFUHDVHV
2QHWROOWZRFDSDFLWLHV
)LQDOO\WKHFDVHLQZKLFKURXWHFDQQRWEHWROOHGZKHUHDVWKHWROORQURXWHDQGWKH
FDSDFLWLHVRQERWKURXWHVFDQEHIUHHO\FKRVHQZDVFRQVLGHUHG,QWKLVVLWXDWLRQDOO
YDOXHRIWKLVLQGH[IRUWKHSUHVHQWFDVH³RQHWROOIL[HGFDSDFLWLHV´ZRXOGKDYHEHHQODUJHULIWKHFDSDFLWLHVLQWKHEDVHFDVHKDGEHHQFORVHUWRWKHLUILUVWEHVWRSWLPDOOHYHOV

ILUVWRUGHUFRQGLWLRQV H[FHSWIRUL DUHVDWLVILHG7KHRSWLPDOYDOXHVRIWKHVH
SROLF\YDULDEOHVDUHSUHVHQWHGLQ7DEOH
7DEOH 6HFRQGEHVWWKHWZRURXWHSUREOHPZLWKRQHWROODQGWZRFDSDFLWLHV
9DULDEOH 5RXWHPRGH 5RXWHPRGHFDS  T  4 F  W  S  3 (ODVWLFLW\RIT ZUWS  (ODVWLFLW\RIT ZUWS  (ODVWLFLW\RI4 ZUW3 &6 75  .  66 
6RXUFHRZQFDOFXODWLRQV
1RWHFDS T DQG4 DUHPHDVXUHGDVQXPEHUVRIWULSVSHUKRXUF2S3&6. DQG66 LQ
HXURV
,QFRPSDULVRQWRWKHILUVWEHVWVLWXDWLRQWKHFDSDFLW\RIURXWHLVLQFUHDVHGZKHUHDV
WKHWROORQURXWHLVGHFUHDVHG7KHSULFHRIWUDQVSRUWLVORZHUZKLFKLQFUHDVHV
FRQVXPHUVXUSOXV7KHFRVWVRIFDSDFLW\DUHQRORQJHUFRYHUHGE\WROOUHYHQXHVDQG
WKHGHILFLWGHFUHDVHVVRFLDOVXUSOXV7KHVHWZRFKDQJHVUHVXOWLQDVRFLDOVXUSOXVWKDWLV
DOPRVWDVKLJKDVLQWKHILUVWEHVWVLWXDWLRQ& 
:KHQORRNLQJDWWKHVHQVLWLYLW\RIWKHVHUHVXOWVWRFKDQJHVLQWKHSULFHVHQVLWLYLW\
RIPRGHFKRLFH LWZDVIRXQGGXULQJWKHVLPXODWLRQVWKDWWKHQXPEHURIWULSVRQURXWH
LQWKHVHFRQGEHVWRSWLPXPVXGGHQO\IDOOVWRDYDOXHYHU\FORVHWR]HURZKHQWKH

DEVROXWHYDOXHRIE LQFUHDVHVIURPWR )XUWKHULQYHVWLJDWLRQUHYHDOHGWKDW
IRUWKHLQWHUYDO>@WKHUHH[LVWWZRHTXLOLEULDDRQHLQZKLFKERWKURXWHV
KDYHDVXEVWDQWLDOQXPEHURIXVHUVDQGDQRWKHUELQZKLFKURDGLVYLUWXDOO\XQXVHG
)LJXUH (IIHFWRILQFUHDVLQJVXEVWLWXWDELOLW\RQXVHUFRVW XSSHUSDQHODQG
URXWHFKRLFHORZHUSDQHOLQWKHWZRURXWHSUREOHPZLWKRQHWROODQGWZRFDSDFLWLHV









   EHWDDEVROXWHYDOXH
SULFH
SDSDSESE








   EHWDDEVROXWHYDOXH
QXP
EHUR
IWULS
V TDTDTETE
 7KHQXPEHURIWULSVRQURXWHIDOOVIURPWRWKHQXPEHURIWULSVRQURXWHLQFUHDVHVIURPWR

)RUYDOXHVRIE VPDOOHUWKDQLQDEVROXWHYDOXHWKHHTXLOLEULXPLQZKLFK
URXWHLVYLUWXDOO\XQXVHGGLVDSSHDUV)LJXUHVKRZVWKHHIIHFWVRQXVHUFRVWVDQG
TXDQWLWLHV7KHSULFHVDQGTXDQWLWLHVHQGLQJZLWKµD¶UHIHUWRWKHHTXLOLEULXPLQZKLFK
ERWKURXWHVDUHXVHGDQGWKRVHHQGLQJZLWKµE¶WRWKHHTXLOLEULXPLQZKLFKRQO\URXWH
LVXVHG
7KHSULFHIRUWULSVRQURXWHLQHTXLOLEULXPµE¶LVRQO\LQGLFDWHGIRUYDOXHVRI
ORZHUWKDQVLQFHLWLQFUHDVHVUDSLGO\WRYDOXHVKLJKHUWKDQ8VHRIURXWHLV
DOZD\VFORVHWR2QO\IRUYDOXHVRI VPDOOHUWKDQLVWKHQXPEHURIWULSVRQ
URDGLQHTXLOLEULXPµE¶ODUJHUWKDQ7KHHTXLOLEULXPXVHUFRVWVRQWKHWZR
URXWHVLQHTXLOLEULXPµD¶GRQRWFRQYHUJHDQGLQIDFWWKHGLIIHUHQFHEHWZHHQWKHP
LQFUHDVHV$VDUHVXOWWKHQXPEHUVRIXVHUVRQWKHWZRURXWHVGLYHUJH(YHQWXDOO\LW
EHFRPHVLQHIILFLHQWWRPDLQWDLQURXWH:LWKSHUIHFWVXEVWLWXWDELOLW\WKHZ IRUWKLV
SROLF\LVHTXDOWR7KLVLPSOLHVWKDWHOLPLQDWLQJDURDGLQWKHILUVWEHVWRSWLPXPLV
QRWKDUPIXOWRHIILFLHQF\LILWVWROOLVUHVWULFWHGWREHHTXDOWR]HUR:KHQWKHWZR
HTXLOLEULDH[LVWVLPXOWDQHRXVO\WKHPRUHEDODQFHHTXLOLEULXPµD¶DOZD\VKDVWKH
KLJKHVWVRFLDOVXUSOXV:KHQ LQFUHDVHVWKHGLIIHUHQFHEHWZHHQVRFLDOVXUSOXVHV
GHFUHDVHV
7KHILQGLQJVMXVWUHSRUWHGVKRZWKDWWKHUHPD\EHWZRVROXWLRQVRIWKHUHOHYDQW
VXEVHW RIILUVWRUGHUFRQGLWLRQVLQWKHWZRPRGHSUREOHPZLWKRQHWROODQGWZR
FDSDFLWLHVDVSROLF\LQVWUXPHQWV7KHWZRVROXWLRQVFRUUHVSRQGZLWKGLIIHUHQWYDOXHV
RIWKHSROLF\LQVWUXPHQWV:KHQWKHUHDUHWZRHTXLOLEULDERWKDUHVWDEOHLQ WZRVHQVHV
)LUVWWKHWZRVROXWLRQVFRUUHVSRQGZLWKGLIIHUHQWYDOXHVRIWKHSROLF\LQVWUXPHQWVEXW

IRUERWKFRQILJXUDWLRQVWKHXVHUHTXLOLEULXPLQWKHQHWZRUNLVWDEOH6HFRQGERWK
VHFRQGEHVWHTXLOLEULDUHSUHVHQWORFDOZHOIDUHPD[LPDQRWPLQLPD
:KDWKDVEHHQ IRXQGLVWKDWDSROLF\PDNHUZKRVWDUWVIURPDQDUELWUDU\XVH
HTXLOLEULXPDQGDGMXVWVWKHYDOXHVRIWKHLQVWUXPHQWVVRDVWRUHDFKDVHFRQGEHVW
RSWLPXPPD\HQGXSLQWZRGLIIHUHQWVLWXDWLRQVLIWKHSDUDPHWHU OLHVLQDSDUWLFXODU
LQWHUYDO7KHLQLWLDOYDOXHVRIWKHSROLF\LQVWUXPHQWV GHWHUPLQHLQZKLFKHTXLOLEULXP
KHHQGVXS$OWKRXJKQRH[WHQVLYHPDWKHPDWLFDORUQXPHULFDODQDO\VLV ZDV
XQGHUWDNHQSUHYLRXVH[SHULHQFHLQGLFDWHVWKDWZKHQWKHUHH[LVWWZRHTXLOLEULDERWK
FDQEHUHDFKHGZLWK VXEVWDQWLDOO\GLIIHUHQWLQLWLDOYDOXHVRIWKHSROLF\LQVWUXPHQWV
 $6,08/$7,2102'(/)257+(7:202'(352%/(0
6HWXSRIWKHWZRPRGHSUREOHP
7KHUHDUHWZRPDLQGLIIHUHQFHVEHWZHHQWKHWZRURXWHDQGWKHWZRPRGHSUREOHPV
7KHILUVWLVWKDWVWXGLHVRIWKHWZRURXWHSUREOHPXVXDOO\DVVXPHSHUIHFW
VXEVWLWXWDELOLW\7KLVZDVDQLPSRUWDQWPRWLYDWLRQ IRUFRQVLGHULQJWKHDOWHUQDWLYHFDVH
RILPSHUIHFWVXEVWLWXWHVLQWKHSUHYLRXVVHFWLRQ7KHVHFRQGGLIIHUHQFHLQYROYHVWKH
WUDQVSRUWWHFKQRORJ\,QWKHWZRURXWHSUREOHP FRQVWDQWUHWXUQVWRVFDOHLQFDSDFLW\
FRVWDQGKRPRJHQHLW\RIGHJUHH]HURLQFDSDFLW\DQGGHPDQGDUHXVXDOO\DVVXPHG
ZKHUHDVSXEOLFWUDQVSRUWLVRIWHQSURGXFHGXQGHULQFUHDVLQJUHWXUQVWRVFDOH DQGZLWK
DWHFKQRORJ\WKDWLVQRWKRPRJHQHRXV,QWKHSUHVHQWVHFWLRQDVLPXODWLRQPRGHOIRU
 7KLVLVFRQILUPHGIRULQVWDQFHLI VRFLDOVXUSOXV LVPD[LPLVHG E\FKRRVLQJFDSDFLW\DQGWROOIRUURDGZLWKYDULRXVH[RJHQRXVO\GHWHUPLQHGYDOXHVRI WKHFDSDFLW\RIURDG)RUE WKHUHH[LVWVDORFDOLQWHULRUPD[LPXPZKHQWKHFDSDFLW\RIURDGLVFKRVHQDWWKHOHYHORIHTXLOLEULXPDDQGDQRWKHURQHDWWKHERXQGDU\ZKHQWKHFDSDFLW\RIURDGHTXDOV]HUR:KHQ E LVFORVHWREXWODUJHUWKDQ WKHVHFRQGPD[LPXPDOVREHFRPHVDQLQWHULRUPD[LPXP

WKHWZRPRGHSUREOHPWKDWLQFRUSRUDWHVDGLIIHUHQWWUDQVSRUWDWLRQWHFKQRORJ\IRUWKH
VHFRQGPRGH LVGHYHORSHG,W LVRWKHUZLVHFRPSDUDEOHWRWKHWZRURXWHSUREOHPRIWKH
SUHYLRXVVHFWLRQ
)RUWKLV WZRPRGHPRGHOGHPDQGXVHUFRVWRIURDGVPRGHDQGFRVWRIURDG
FDSDFLW\DUHDOOVSHFLILHGDVLQWKHWZRURXWHPRGHO)RUUDLOPRGH WZRDVSHFWVRI
FDSDFLW\DUHGLVWLQJXLVKHGIUHTXHQF\DQGQXPEHURIVHDWVSHUWUDLQ$SHDNSHULRGRI
RQHKRXULVFRQVLGHUHGGXULQJZKLFKWKHDUULYDOIORZRIFRPPXWHUVDWWKHWUDLQ
SODWIRUPLVDVVXPHGWREHFRQVWDQW7KHDYHUDJHZDLWLQJWLPHLVWKHUHIRUHHTXDOWR
1ZKHUH1 GHQRWHVWKHIUHTXHQF\RIWUDLQGHSDUWXUHV3DVVHQJHUVGLVOLNHZDLWLQJ
DQGWKHFRVWRIZDLWLQJWLPHLVHTXDOWRZYRWZKHUHYRW GHQRWHVWKHYDOXHRIWLPH
DQGZ JLYHVWKHH[WUDZHLJKWJLYHQWRWKHYDOXHRIZDLWLQJWLPH0RKULQJ
7KHGLVFRPIRUWDVVRFLDWHGZLWKWUDYHOOLQJE\WUDLQLVDVVXPHGWREHD
SURSRUWLRQDOWRWUDYHOWLPHWWDQGELQFUHDVLQJLQWKHUDWLREHWZHHQWKHQXPEHURI
SDVVHQJHUVDQGWKHQXPEHURIVHDWV7KHWRWDOQXPEHURISDVVHQJHUVLVT DQGWKHWRWDOQXPEHURIVHDWVDYDLODEOHLV1VZKHUHV GHQRWHVWKHQXPEHURIVHDWVSHUWUDLQ7KH
FRVWIXQFWLRQIRUWUDYHOOLQJE\WUDLQLVGHILQHGDV
»»¼º««¬ª ¹¸·©¨§ 
HF1VTWWF1ZYRWF   
7KLVIXQFWLRQLVKRPRJHQHRXVRIGHJUHHLQWKHQXPEHURIWULSVDQGWKHQXPEHURI
VHDWV,WLVQRW KRPRJHQHRXVRIGHJUHHLQWKHQXPEHURIWULSVDQGWULSIUHTXHQF\
7KHFRVWRISURYLGLQJUDLOWUDQVSRUWLVGHWHUPLQHGE\WKHQXPEHURIWUDLQ
GHSDUWXUHVDQGE\WKHSURGXFWRIWKHQXPEHURIGHSDUWXUHVDQGWKHQXPEHURIVHDWVSHU
WUDLQ
 7KHFDVHLQZKLFKWKHWZRFDSDFLWLHVDUHWKHRQO\SROLF\LQVWUXPHQWVERWKWROOVDUHHTXDOWR]HURKDVDOVREHHQFRQVLGHUHGDQGIRXQGQRLQGLFDWLRQVRIPXOWLSOHSROLF\HTXLO LEULD :KHQJHWVODUJHLQDEVROXWHYDOXHURXWHJUDGXDOO\GLVDSSHDUV

1VN1N.   
7KHILUVWRUGHUFRQGLWLRQVIRUWKHRSWLPXPDUHDQDORJRXVWRFRQGLWLRQV7KH
RQO\GLIIHUHQFHLVWKDWWKHUHDUHQRZWZRILUVWRUGHUFRQGLWLRQVIRUWKHFDSDFLW\RIWKH
VHFRQGPRGH
7DEOH 3DUDPHWHUYDOXHVIRUWKHWZRPRGHSUREOHP
3DUDPHWHU 5RXWHPRGH 5RXWHPRGH'HPDQGD E E D  8VHUFRVWYRW IIWW WW  Z 
F  
HF  &RVWRIFDSDFLW\N     NN
7KHSDUDPHWHUYDOXHVIRUWKHVLPXODWLRQPRGHODUHOLVWHGLQ7DEOH7KHGHPDQG
SDUDPHWHUVDUHOHIWXQFKDQJHG7UDYHOWLPHE\UDLOLVDVVXPHGWREHHTXDOWRIUHHIORZ
WUDYHOWLPHE\FDU7KHDGGLWLRQDOFRVWRIZDLWLQJLVDVVXPHGWREHSHUFHQWRIWKH
UHIHUHQFHYDOXHRIWLPHDVLVFRQYHQWLRQDO7KHH[SRQHQWFH KDVDYDOXHRI7KHFRVWSDUDPHWHUVDUHEDVHGRQ0X&RQVXOWZKHUHWKHWRWDOFRVWVRISDVVHQJHU
WUDQVSRUWRI'XWFK5DLOZD\VDUHDSSUR[LPDWHGZLWKDOLQHDUIXQFWLRQRIVHDW
NLORPHWUHVWUDLQNLORPHWUHVDQGSDVVHQJHUNLORPHWUHV 7KHSDVVHQJHUNLORPHWUHV
FRPSRQHQWLVUHODWLYHO\VPDOODQGLVLJQRUHGKHUH7KHPDUJLQDOFRVWRIWUDLQ
 $WKRURXJKGLVFXVVLRQRQWKHYDOXHRIWLPHLQFOXGLQJWKHYDOXHRIZDLWLQJWLPHIRUFRPPXWHUVLVSUHVHQWHGLQ&KDSWHURIWKLVYROXPH

NLORPHWUHVZDVIRXQGWREHPXFKKLJKHUWKDQWKDWRIVHDWNLORPHWUHV7KHGLVWDQFH
EHWZHHQ$DQG%LVDVVXPHGWREHNLORPHWUHV
7DEOH 7KHEDVHFDVHRIWKHWZRPRGHSUREOHP
9DULDEOH 5RXWHPRGH 5RXWHPRGHFDS  V1T  4 F  W  S  3 (ODVWLFLW\RIT ZUWS  (ODVWLFLW\RIT ZUWS  (ODVWLFLW\RI4 ZUW3 &6 75  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6RXUFHRZQFDOFXODWLRQV
1RWHFDSIRUWKHURDG  1T DQG4 DUHPHDVXUHGDVQXPEHUVRIWULSVSHUKRXUF 2 S
3&6 . DQG66 LQHXURV
,QWKHEDVHFDVHLWLVDVVXPHGWKDWWUDLQVZLWKDFDSDFLW\RIVHDWVGHSDUWHYHU\
PLQXWHV,QWKH1HWKHUODQGVWKHIDUHIRUDUHWXUQWULSRINLORPHWUHVLVDURXQG
¼*LYHQWKDWIRUSHDNKRXUVPRVWRIWKHWULSVDUHUHWXUQWULSVLWVHHPVDSSURSULDWH
WRXVHKDOIWKHYDOXHRIDUHWXUQWLFNHW0DQ\RIWKHVHWULSVKRZHYHUDUHPDGHE\
VHDVRQWLFNHWKROGHUVZKRSD\DORZHUSULFHSHUWULS)RUWKLVUHDVRQSHUFHQW
LQVWHDGRISHUFHQWZDVXVHGDVWKHDSSURSULDWHSULFHIRUDRQHZD\WULSRINP
 7KHVHDUHRQO\RSHUDWLQJFRVWVQRWFDSLWDOFRVWV0RUHRYHUIL[HGFRVWDQGFRVWVGLUHFWO\UHODWHGWRWKHQXPEHURISDVVHQJHUVZKLFKWXUQHGRXWWREHUHODWLYHO\VPDOODUHLJQRUHGKHUH

5HVXOWVIRUWKLVEDVHFDVHDUHSUHVHQWHGLQ7DEOH7KHSULFHRIWUDQVSRUWLVKLJKHU
WKDQLQWKHFDVHRIWKHWZRURXWHSUREOHP7KHPDLQUHDVRQIRUWKLVGLIIHUHQFHLVWKDW
WKHFRVWIXQFWLRQIRUSDVVHQJHUWUDQVSRUWLVPRUHVHQVLWLYHWRFRQJHVWLRQWKDQWKDWIRU
URDGWUDQVSRUW)RUWKHODWWHUWKHUDWLREHWZHHQWKHQXPEHURIXVHUVDQGFDSDFLW\FDQ
EHPDGHHTXDOWRWZR)RUSDVVHQJHUWUDQVSRUWDWOHDVWLQWKH1HWKHUODQGVLWLV
YLUWXDOO\LPSRVVLEOHWRFDUU\WZLFHDVPDQ\SDVVHQJHUVDVWKHUHDUHVHDWV7KLV
GLIIHUHQFHLVUHIOHFWHGLQWKHVSHFLILFDWLRQVRIWKHFRVWIXQFWLRQVIRUUDLODQGURDG
WUDQVSRUWDVGLVFXVVHGDERYH,QWKHEDVHFDVHWKHUDWLREHWZHHQXVHDQGFDSDFLW\LV
IRUWUDLQV7KLVILJXUHVHHPVUHDVRQDEOHIRUFRPPXWHUWUDLQVLQWKH5DQGVWDGDUHD
GXULQJSHDNKRXUV5HYHQXHVIURPWUDLQWLFNHWVDUHVXIILFLHQWWRFRYHUDOOFRVWVRIUDLO
SDVVHQJHUWUDQVSRUWDVVHHPVUHDOLVWLFIRUSHDNWUDIILFLQWKH5DQGVWDGDUHD
,QRUGHUWRVWXG\WKHHIIHFWRIFKDQJHVLQWKHVXEVWLWXWDELOLW\EHWZHHQWKHPRGHVWKH
VDPHUDQJHRIYDOXHVRIWKHFRHIILFLHQWE WKDWZDV XVHGIRUURDGWUDQVSRUWLQWKHWZR
PRGHYHUVLRQVLPXODWLRQPRGHO ZHUHVLPXODWHG2QO\PLQRUGLIIHUHQFHVZLWKWKHWZR
URXWHVLWXDWLRQZHUHIRXQG $JDLQWKHSULFHVIRUWKHWZRPRGHVZKLFKDUHDOUHDG\
FORVHWRHDFKRWKHULQWKHEDVHFDVHEHFRPHYLUWXDOO\LGHQWLFDO7KHSULFHHODVWLFLWLHV
RIGHPDQGIRUWKHVHSDUDWHPRGHVEHFRPHYHU\ODUJHLQDEVROXWHYDOXHVEXWWKH
RYHUDOOSULFHRIWUDQVSRUWDQGLWVSULFHHODVWLFLW\UHPDLQDOPRVWLGHQWLFDO,WPXVW
WKHUHIRUHEHFRQFOXGHGWKDWDWOHDVWLQWKLVEDVHFDVHYHUVLRQRIWKHWZRPRGHPRGHO
WKHGLIIHUHQFHVEHWZHHQWKHVLWXDWLRQVRILPSHUIHFWDQGSHUIHFWVXEVWLWXWHVDUHPLQRU
DQGFRPSDUDEOHWRWKHGLIIHUHQFHVLQWKHWZRURXWHFDVH
7KHILUVWEHVWVLWXDWLRQDQGWKHWZRPRGHSUREOHP
'HWHUPLQLQJWKHILUVWEHVWHTXLOLEULXPLVPRUHFRPSOLFDWHGWKDQLQWKHWZRURXWHFDVH
7KHUDWLRT1V LVGHWHUPLQHGE\WKHILUVWRUGHUFRQGLWLRQIRUVEXWWKLVGRHVQRWGHWHUPLQH17KLVPHDQVWKDWWKHFRVWRIUDLOZD\WUDQVSRUWFDQQRWEHFRPSXWHGIURP

WKHILUVWRUGHUFRQGLWLRQZLWKUHVSHFWWRFDSDFLW\DORQHDQGDQLWHUDWLYHSURFHGXUHLV
WKHUHIRUHQHHGHGLQRUGHUWRFRPSXWHWKHILUVWEHVWHTXLOLEULXP7KHHTXLOLEULXPZDV
ILUVWFRPSXWHGFRQGLWLRQDOXSRQDJLYHQYDOXHRI1WKHYDOXHRI1 VXJJHVWHGE\WKH
UHOHYDQWILUVWRUGHUFRQGLWLRQLQWKLVHTXLOLEULXPZDVWKHQFRPSXWHGDQG1 DGMXVWHG
WRZDUGVWKLVRSWLPDOYDOXH7KLVSURFHGXUHZDVUHSHDWHGXQWLOFRQYHUJHQFHRFFXUUHG
7DEOH )LUVWEHVWVLWXDWLRQRIWKHWZRPRGHPRGHO
9DULDEOH 5RXWHPRGH 5RXWHPRGHFDS  V 1 T 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6RXUFHRZQFDOFXODWLRQV
1RWHFDSIRUWKHURDG1T DQG4 DUHPHDVXUHGDVQXPEHUVRIWULSVSHUKRXUF2S
3&6. DQG66 LQHXURV
7KHVLPXODWLRQUHVXOWVDUHSUHVHQWHGLQ7DEOH,QFRPSDULVRQZLWKWKHEDVHFDVH
WKHQXPEHURIUDLOSDVVHQJHUVLQFUHDVHVVXEVWDQWLDOO\7KHTXDOLW\RIUDLOWUDQVSRUWLV
LPSURYHG VXEVWDQWLDOO\WKHQXPEHURIGHSDUWXUHVSHUKRXULQFUHDVHVIURPWR
DQG WKHQXPEHURIVHDWVSHUWUDLQDOPRVW GRXEOHVDQGEHFRPHVHTXDOWR7KHUDWLR
EHWZHHQSDVVHQJHUVDQGVHDWVGURSVWR7KHVHLPSURYHPHQWVUHVXOWLQDPXFK

ORZHUXVHUFRVWRIWUDYHOWLPHIRUUDLOWUDQVSRUW¼LQVWHDGRI¼(YHQWKRXJK
WKHUDLOZD\IDUHLQFUHDVHVFRQVLGHUDEO\WR¼SHURQHZD\WULSWKHJHQHUDOL]HG
SULFHRIWUDLQWUDQVSRUWIDOOVFRQVLGHUDEO\EHFDXVHRIWKHORZHUWUDYHOWLPHDQGLVQRZ
ORZHUWKDQWKDWRIFDUWUDYHO
5RDGFDSDFLW\LVDOVRH[SDQGHGVXEVWDQWLDOO\DQGWKHSULFHRIURDGWUDQVSRUWLV
KDOYHGLQFRPSDULVRQZLWKWKHEDVHFDVH7ROOUHYHQXHVDUHH[DFWO\HTXDOWRWKHFRVWRI
URDGFDSDFLW\)DUHUHYHQXHVIURPUDLOWUDQVSRUWDUHQRZLQVXIILFLHQWWRFRYHUDOOFRVWV
7KHVHUHYHQXHVH[DFWO\FRYHUWKHFRVWRIVHDWNLORPHWUHVLHWKH\DUHHTXDOWRN1VLQ(TXDWLRQ7KHUHDUHHFRQRPLHVRIVFDOHDVVRFLDWHGZLWKLQFUHDVLQJWKH
QXPEHURIVHDWVSHUWUDLQDQGPDUJLQDOFRVWSULFLQJLVWKHUHIRUHXQDEOHWRFRYHUWRWDO
H[SORLWDWLRQFRVWV
:KHQWUDLQDQGURDGEHFRPHFORVHUVXEVWLWXWHVGHPDQGVKLIWVWRZDUGVWKH
FKHDSHVWPRGH:LWKWKHDVVXPHGSDUDPHWHUYDOXHVWKHFKHDSHVWPRGHLVWKHWUDLQ
:LWKHFRQRPLHVRIVFDOHLQWKHUDLOZD\VWKLVGHPDQGVKLIWFDXVHVDIXUWKHUGURSLQWKH
FRVWRIUDLOWUDQVSRUWDQGURDGDVDPRGHRIWUDQVSRUWHYHQWXDOO\GLVDSSHDUV
5DLOZD\IDUHIL[HGFDSDFLWLHV
:KHQWKHFDSDFLWLHVRIERWKPRGHVDUHIL[HGDQGWKHRQO\SROLF\LQVWUXPHQWLVWKH
WUDLQIDUHSRVVLEOHZHOIDUHJDLQVDUHVPDOOZKHQFRPSDUHGWRWKHEDVHFDVH
66 ¼& 7KHRSWLPDOUDLOZD\IDUHWXUQVRXWWREHFRQVLGHUDEO\KLJKHU
WKDQLQWKHILUVWEHVWVLWXDWLRQ¼7KHUHLVVXEVWDQWLDOFRQJHVWLRQRQWKHURDG
T 8VHUFRVWVDUHHTXDOWR¼IRUWKHURDGDQG¼IRUWKHUDLOZD\:KHQVXEVWLWXWDELOLW\EHWZHHQWKHWZRPRGHVLVLQFUHDVHGXVHUFRVWVFRQYHUJHWR
¼7KHRSWLPDOWROOGHFUHDVHVVRPHZKDW

5DLOZD\IDUHIUHTXHQF\DQGVHDWFDSDFLW\
:KHQWKHUDLOZD\IDUHQXPEHURIVHDWVDQGIUHTXHQF\RIGHSDUWXUHFDQDOOEHFKRVHQ
E\WKHSROLF\PDNHUZHOIDUHJDLQVDUHFRQVLGHUDEO\KLJKHUWKDQZKHQRQO\FDSDFLW\
FDQEHXVHGDVDSROLF\LQVWUXPHQW6RFLDOVXUSOXVLVHTXDOWR¼& 
ZKLFKLVFORVHWRWKHILUVWEHVWYDOXH7KHRSWLPDOUDLOZD\IDUHQRZWXUQVRXWWREH
QHJDWLYH ¼8VHUFRVWLVHTXDOWR¼IRUURDGDQG¼IRUUDLOZD\WUDQVSRUW
LPSO\LQJWKDWWKHSULFHRIWKHODWWHUPRGHLVDOVRQHJDWLYH¼:KHQ LV
LQFUHDVHGWKHUDLOZD\IDUHEHFRPHVSRVLWLYHZKLOHXVHUFRVWVRIWKHWZRPRGHV
FRQYHUJHJUDGXDOO\
7DEOH 6HFRQGEHVWWKHWZRPRGHSUREOHP
9DULDEOH 5RXWHPRGH 5RXWHPRGHFDS  V 1 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5DLOZD\IDUHIUHTXHQF\DQGVHDWFDSDFLW\DQGURDGFDSDFLW\
7KHUHVXOWVIRUWKHWZRPRGHSUREOHPZKHUHFDSDFLW\RIWKHURDGFDQDOVREHFKRVHQ
RSWLPDOO\DUHSUHVHQWHGLQ7DEOH$VFDQEHVHHQLQWKHWDEOHWKHVKDUHRISRWHQWLDO
ZHOIDUHJDLQVLVHYHQODUJHUWKDQLQWKHFDVHZKHUHRQO\WKHFDSDFLW\RIUDLOFRXOGEH

XVHGDVDSROLF\LQVWUXPHQW7KHVRFLDOVXUSOXVHTXDOV¼& %RWKURDG
DQGUDLOZD\FDSDFLWLHVDUHFRQVLGHUDEO\KLJKHUWKDQLQWKHILUVWEHVWVLWXDWLRQ7KH
UHYHQXHVIURPUDLOZD\IDUHVDUHOHVVWKDQRQHWKLUGRIWKHFRVWVRIUDLOZD\WUDQVSRUW
:KHQVXEVWLWXWDELOLW\EHWZHHQWKHWZRPRGHVLQFUHDVHVUHVXOWVVLPLODUWRWKRVH
IURPWKHWZRURXWHSUREOHPDUHREWDLQHG)LJXUH LOOXVWUDWHVWKLV
)LJXUH (IIHFWRILQFUHDVLQJVXEVWLWXWDELOLW\RQXVHUFRVWXSSHUSDQHODQG
URXWHFKRLFHORZHUSDQHOLQWKHWZRPRGHSUREOHP
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QXPE
HURI
WULSV TDTDTETE

)RUWKHLQWHUYDO>@WKHUHDUHDJDLQWZRHTXLOLEULD,QRQHRIWKHVHWKH
URDGUHPDLQVYLUWXDOO\XQXVHG)RUDEVROXWHYDOXHVRI KLJKHUWKDQ WKHUHLVRQO\
RQHHTXLOLEULXP LQZKLFKWKHUHLVQRURDG)RUDEVROXWHYDOXHVRI ORZHUWKDQ
WKHUHLVRQO\RQHHTXLOLEULXPLQZKLFKERWKURDGDQGUDLOZD\DWWUDFWDVXEVWDQWLDO
QXPEHURIWULSV )RUVPDOOYDOXHVRI WKHHTXLOLEULXPLQZKLFKWZRPRGHVDUHXVHG
KDVWKHKLJKHVWVRFLDOVXUSOXVIRUODUJHUYDOXHVWKHHTXLOLEULXPLQZKLFKRQO\RQH
PRGHLVXVHGKDVWKHKLJKHVWVRFLDOVXUSOXV
 6XPPDU\
7KHPDLQSXUSRVHRIWKLVSDUDJUDSKZDVWRSURYLGHDFRPSDULVRQRIWKHUHVXOWVRIWZR
PRGHVLWXDWLRQVZLWKWKRVHRIWKHWZRURXWHVLWXDWLRQVGLVFXVVHGLQWKHSUHYLRXV
VHFWLRQ7KHPRVWLPSRUWDQWFRQFOXVLRQLVWKDWWKHVHUHVXOWVDSSHDUWREHVRVLPLODU
,QWURGXFWLRQRILPSHUIHFWVXEVWLWXWDELOLW\LQWRWKHWZRURDGPRGHOPDNHVLWEHKDYH
PXFKOLNHWKHDQDORJRXVWZRPRGHPRGHOGHVSLWHWKHVXEVWDQWLDOGLIIHUHQFHLQWKH
FRVWVWUXFWXUH
7KHVLPLODULW\EHWZHHQWKHWZRPRGHOVLVQLFHO\LOOXVWUDWHGE\WKHGHYHORSPHQWRI
WKHLQGH[RIUHODWLYHZHOIDUHLPSURYHPHQWDVDIXQFWLRQRIWKHSULFHVXEVWLWXWDELOLW\
SDUDPHWHUZKLFKLVVKRZQLQ)LJXUH ,QERWKFDVHVRQO\PRGHVWLPSURYHPHQWV
LQZHOIDUHDUHSRVVLEOHZKHQRQHURDGRUPRGHKDVWRUHPDLQXQWROOHGDQGFDSDFLW\
KDVWREHWDNHQDVJLYHQ,IFDSDFLW\RIWKHURDGRUPRGHWKDWFDQEHWROOHGFDQDOVREH
XVHGDVDSROLF\LQVWUXPHQWDPXFKODUJHUVKDUHW\SLFDOO\PRUHWKDQWKUHHTXDUWHUV
RIWKHSRWHQWLDOILUVWEHVWZHOIDUHJDLQVFDQEHUHDOL]HG,IWKHFDSDFLWLHVRIERWK
URDGVRUPRGHVFDQEHXVHGDVSROLF\LQVWUXPHQWVSHUFHQWRIWKHSRWHQWLDO
ZHOIDUHJDLQVLVUHDOLVHG IRUODUJHYDOXHVRI E 7KHUHDVRQLVWKDWLQWKHVH
 :KHQWKHUHDUHWZRHTXLOLEULDWKHRQH\LHOGLQJWKHKLJKHVWVRFLDOVXUSOXVZDVXVHGLQ)LJXUH 

FLUFXPVWDQFHVWKHXQSULFHGURDGRUPRGHGLVDSSHDUZKLFKLPSOLHVWKDWLWVSULFH
EHFRPHVLUUHOHYDQW
)LJXUH (IIHFWRILQFUHDVLQJVXEVWLWXWDELOLW\RQXVHUFRVWDQGURXWHPRGH FKRLFH
LQWKHWZRURXWHXSSHUSDQHODQGWZRPRGHORZHUSDQHOPRGHOV
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RPH
JD
RQO\IDUH
IDUHDQGFDSDFLW\WUDLQIDUHDQGFDSDFLWLHV
7KHVLPXODWLRQUHVXOWVFOHDUO\VXJJHVWWKDWWKHUHLVDTXDOLWDWLYHGLIIHUHQFHEHWZHHQ
VLWXDWLRQV LQZKLFK VXEVWLWXWLRQEHWZHHQURDGVRUPRGHVLVGLIILFXOWZLWK WKHDEVROXWH
YDOXHRI  OHVVWKDQDQGVLWXDWLRQVLQZKLFKLWLVHDVLHUEXWWKDWWKHUHLVQRWD

TXDOLWDWLYHGLIIHUHQFHEHWZHHQSHUIHFWVXEVWLWXWDELOLW\DQGLPSHUIHFWEXWUHODWLYHO\
HDV\VXEVWLWXWDELOLW\DODUJHDEVROXWHYDOXHRI  7ZRLPSRUWDQWUHDVRQVRUWKLV
FRQFOXVLRQDUHWKDWRQHURDGRUPRGHGLVDSSHDUVFRPSOHWHO\LQWKHILUVWEHVWFDVH IRU
ILQLWHYDOXHVRI DQGWKDWLQWKHFDVHZLWKWZRFDSDFLWLHVDQGRQHWROO WKHWUDQVLWLRQ
IURPDQHTXLOLEULXPLQZKLFKERWKURDGVPRGHVDUHXVHGWRRQHLQZKLFKRQO\RQHLV
XVHGWDNHVSODFHIRUUHODWLYHO\VPDOOYDOXHVRI
 &21&/86,216
7KLVSDSHUFRQVLGHUVVHFRQGEHVWSULFLQJDVLWDULVHVWKURXJKLQFRPSOHWHFRYHUDJHRI
IXOOQHWZRUNV7KHPDLQSULQFLSOHVZHUHILUVWUHYLHZHGE\FRQVLGHULQJWKHFODVVLFWZR
URXWHSUREOHPDQGVRPHH[WHQVLRQVWKDWKDYHEHHQVWXGLHGPRUHUHFHQWO\,QPRVWRI
WKHVHVWXGLHVWKHFRPSHWLQJURXWHVDUHDVVXPHGWREHSHUIHFWVXEVWLWXWHVZKLFKLV
SUREDEO\QRWWKHFDVHIRUPRVWSDUDOOHOURDGVLQUHDOLW\DQGHYHQOHVVOLNHO\IRUWKH
FDVHZKHUHFRPSHWLQJFRQQHFWLRQVUHSUHVHQWGLIIHUHQWWUDQVSRUWPRGHV
$PRGHOOLQJIUDPHZRUNLQZKLFKWKHDOWHUQDWLYHVDUHLPSHUIHFWVXEVWLWXWHVZDV
GHYHORSHG DQGQXPHULFDO UHVXOWVIRU WZR URDGVDQGWZR PRGHVZHUH SUHVHQWHG,QWKH
PRGHOWULSJHQHUDWLRQDQGWULSGLVWULEXWLRQDUHGLVWLQJXLVKHGLQDZD\WKDWLV
FRQVLVWHQWZLWKHFRQRPLFWKHRU\$OLQHDUGHPDQGHTXDWLRQZDVXVHGIRUWULS
JHQHUDWLRQ DQGWKHORJLWPRGHOIRUWULSGLVWULEXWLRQ7KHPRGHORIIHUVWKHSRVVLELOLW\
WRVWXG\WKHHIIHFWRIFKDQJHVLQWKHVXEVWLWXWDELOLW\EHWZHHQWKHWZRURXWHVRUPRGHV
3HUIHFWVXEVWLWXWDELOLW\LVDOLPLWLQJFDVHLQZKLFKWKHDEVROXWHYDOXHRIRQHSDUDPHWHU
EHFRPHVLQILQLWHO\ODUJH
7KHPRGHOZDVXVHGWRFRQVLGHUVLWXDWLRQVLQZKLFKRQHURXWHRUPRGHFDQQRWEH
WROOHG6LPXODWLRQUHVXOWVVKRZWKDWIRUWKHFKRVHQSDUDPHWHUYDOXHVWKHUHLVD
VXEVWDQWLDOGLIIHUHQFHEHWZHHQWKHHIIHFWLYHQHVVRISROLFLHVLQZKLFKWKHFDSDFLWLHV

KDYHWREHWDNHQDVJLYHQDQGWKRVHLQZKLFKFDSDFLW\RIDWOHDVWRQHPRGHFDQEH
FKDQJHG,IRQO\DWROORQURXWHRUPRGHWZRFDQEHXVHGW\SLFDOO\OHVVWKDQDTXDUWHU
RIWKHWRWDOSRVVLEOHZHOIDUHJDLQVLVUHDOLVHG:KHQWKHFDSDFLW\RIDWOHDVWRQHURXWH
RUPRGHFDQEHGHWHUPLQHGE\WKHSROLF\PDNHUW\SLFDOO\PRUHWKDQWKUHHTXDUWHUVRI
WKHPD[LPXPSRVVLEOHZHOIDUHJDLQVDUHUHDOLVHG7KHVHILJXUHVDUHQRWYHU\
GHSHQGHQWRQWKHVXEVWLWXWDELOLW\EHWZHHQWKHWZRURXWHVRUPRGHV
$VWULNLQJIHDWXUHRIWKHSROLF\LQZKLFKWKHFDSDFLWLHVRIERWKPRGHVDQGWKH
UDLOZD\IDUHFDQEHXVHGDVSROLF\LQVWUXPHQWVLVWKHH[LVWHQFHRIWZRHTXLOLEULDIRUD
UDQJHRIYDOXHVRI,QRQHHTXLOLEULXPWKHUHDUHVXEVWDQWLDOQXPEHUVRIXVHUVRIERWK
PRGHVZKHUHDVLQWKHRWKHUXVHRIRQHPRGHLVQHJOLJLEOH,QWKLVFDVHWKHUHLVD
UHJLPHVKLIWWKDWLVUHODWHGWRWKHSRVVLELOLW\WRVXEVWLWXWHXVHRIRQHPRGHIRUDQRWKHU
EXWLWGRHVQRWFRLQFLGHZLWKWKHGLIIHUHQFHEHWZHHQSHUIHFWDQGLPSHUIHFW
VXEVWLWXWDELOLW\LQWHUSUHWHGDVDILQLWHDQGDQLQILQLWHYDOXHRI UHVSHFWLYHO\
)RUWKHILUVWEHVWFDVHWKHUHLVQRUHJLPHVKLIWWKDWFRLQFLGHVZLWKWKHGLIIHUHQFH
EHWZHHQSHUIHFWDQGLPSHUIHFWVXEVWLWXWDELOLW\HLWKHU7KHVLWXDWLRQLQZKLFKRQO\RQH
PRGHLVXVHGLVQRZDSSURDFKHGLQDFRQWLQXRXVZD\DQGLWLVUHDFKHGIRUDILQLWHDQG
UHODWLYHO\VPDOOYDOXHRI
7KHUHVXOWVIRUWKHFODVVLFWZRURXWHSUREOHPZLWKLPSHUIHFWVXEVWLWXWHVLQZKLFK
RQO\DWROOFDQEHFKDUJHGRQRQHRIWZRSDUDOOHOURDGVDUHVXUSULVLQJO\FORVHWRWKH
UHVXOWVIRUWKHPRGHOZLWKSHUIHFWVXEVWLWXWHV7KLVVXJJHVWVWKDWDOWKRXJKWKH
DVVXPSWLRQRILPSHUIHFWVXEVWLWXWDELOLW\EHWZHHQURXWHVPDNHVWKHPRGHOULFKHUDQG
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